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American Association of State Highway and Transportation Officials 
American Concrete Institute 
Atomic Energy Act of 1954 
aqueous film-forming foam 
as low as reasonably achievable 
American National Standards Institute 
American Petroleum Institute 
area radiation monitor 
American Society of Mechanical Engineers 
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building emergency director 
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Code of Federal Regulations 
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U.S . Department of Energy 
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U.S. Department of Transportation 
double-shell slurry feed 
double-shell tank 
dangerous waste 
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Engineer/Constructor Contractor 
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extremely hazardous waste 
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extraction procedure 
U.S. Environmental Protection Agency 
emergency procedures and abnormal plant conditions 
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FTMS 
FY 

GR-CO 
GTF 

HOPE 
HEHF 
HELP 
HEPA 
HMRT 
HSWA 
HWVP 
HVAC 

IARC 
IC 
ICBO 
ICP 

JRPT 

LA 
LCT 
LDCRS 
LR 

MHSC 
MOU 
MSOS 

NA 
NCAW 
NCRW 
NESHAP 
NFPA 
NO 
NPDES 
NPO 
NRC 
NRCR 
NSF 

OEC 
OHP 
OJT 
ORM 
OT 

PCA 
PFP 
pH 

federal t~st method standard 
fiscal year 

general radio-chemical operator 
Grout Treatment Facility 

high-density polyethylene 
Hanford Environmental Health Foundation 
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hydrologic evaluation of landfill performance (computer model) 
high-efficiency particulate air 
hazardous materials response team 
Hazardous and Solid Waste Amendments 
Hanford Waste Vitrification Plant 
heating, ventilating, and air conditioning 

International Agency for Research on Cancer 
ion chromatography 
International Conference of Building Officials 
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9 QC 
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15 RN 
16 ROD 
17 RPT 
18 
19 SARA 
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M 21 SRPT 
22 SST 
23 SWP 
24 
25 TGE 
26 TGF 
27 TOB 
28 TOC 
29 TOX 
30 TRU 
31 TSO 
32 
33 UHF 
34 
35 VHF 
36 
37 WAC 
38 WDOE 
39 WESF 
40 WL 
41 WMA 
42 WNP 
43 WRAP 

portable instrument house 
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Plant Instrumentation Surveillance Calibration Evaluation System 
programmable logic controller 
Puget Sound Power and Light 
phosphate and sulfate waste 
Plutonium/Uranium Extraction (Plant) 

quality assurance 
quality control 

response action plan 
Resource Conservation and Recovery Act of 1976 
Revised Code of Washington 
Research and Development Contractor 
registered nurse 
record of decision 
radiation protection technologist 
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senior radiation protection technologist 
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Transportable Grout Equipment 
Transportable Grout Facility 
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total organic carbon 
total organic halogen 
transuranic (waste) 
treatment, storage, and/or disposal 
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Washington Administrative Code 
Washington Department of Ecology 
Waste Encapsulation and Storage Facility 
water level 
Waste Management Area 
Washington Nuclear Power (reactor name) 
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ac 

Ci 
Ci/L 
cm 
cmis 
cm 
·c 

d 
dia 

e .g. 
et al. 
et seq. 

"F 
ft 
ftid 
ft /s 

g 
gal 
gal/min 

h 
hp 

i.e. 
in. 

km 
kVA 
kW 

L 
L/s 
lb 
l bf 
lbf/in2 
l b/h 
l bm/ft3 
lb/min 

m 
mi 
mi 2 
Mgal 
mil 

ABBREVIATIONS 

alternating current 

curie 
curies per liter 
centimeter 
centimeters per second 
cubic centimeters 
degrees centigrade 

day 
diameter 

for example 
and others 
and fo 11 owing 

degrees Fahrenheit 
foot 
feet per day 
cubic feet per second 

standard acceleration of free fall (gravity) 
gall on 
gallons per minute 

hour 
horsepower 

that is 
inch 

kilometer 
kilovoltampere 
kilowatt 

1 iter 
liters per second 
pound 
pound force 
pound force per square inch 
pounds per hour 
pound mass per cubic foot 
pounds per minute 

meter 
mile 
square mile 
million gallons 
mils 
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1 min minute • 2 ml mi 11 il i ter 
3 mo month 
4 · Mrad megarad 
5 mR/h milliroentgen per hour 
6 mrem/h millirem per hour 
7 µm micrometer 
8 m.s.l. mean sea level 
9 

10 p/b parts per billion 
11 pCi/l picocuries per liter 
12 
13 r/min revolutions per minute 
14 
15 s second 
16 stdft3/min standard cubic feet per minute 
17 
18 V volt 

Ln 19 
20 wk week 

' . 21 
22 

wt% weight percent 

23 yd yard 
24 yr year 
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Append i x 4J contains a certified engineering report for the 
run-on/ run -off control system at the near-surface disposal s i te. 
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I. INTRODUCTION 

I I. 

Components of the Grout Treatment Facility (GTF) include the 
Transportable Grout Equipment and Waste Management Area (WMA). The 
WMA includes underground vaults in which the grouted waste is disposed. 
The facility layout is shown on figure 1. 

This report describes the run-on and run-off control system designed 
for the WMA. The run-on control system diverts storm water from 
running onto the WMA. A run-off control system manages the 
precipitation that falls onto the WMA. 

These systems are designed to control the surface water resulting 
from a storm of 24-hr duration and 25-yr recurrence. 

SUMMARY 
Environmental Protection Agency (EPA) regulations require that run-on 
from surrounding areas be controlled in a manner that prevents flow 
onto the active portion of the facility. Run-on will be intercepted 
by a ditch and diverted to a collection/infiltration basin. A sloping 
cover wi 11 be constructed over the active portions of the site to 

remove run-off. 

I I I. PURPOSE 
Precipitation in the form of snow or rain follows several paths after 
reaching the ground surface. One portion is temporarily retained in 
the soi 1 and is then returned to the atmosphere by evaporat i on and 
transpiration by plants. Another portion of the precipitation 
infiltrates into the ground and ultimately reaches the ground water. 
A third portion flows overland and is called surface run-off . 

88318714.ER.331 - 1 -
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This overland flow running on or off the WMA is the subject of this • 
report. The run-on control system is designed to prevent surface 
water from adjacent land areas from running onto the WMA. The run-off 
control system manages the surface water that runs of f , f the WMA. 

This report evaluates the run-on and run-off control system for 
inclusion in a Part B permit application for the GTF. 

IV. DESCRIPTION 
As additional rows of vaults are constructed, the run-on/run-off 
features (shown in appendix A) will be extended and at final 
completion, will provide control for the entire WMA. Berms around 
the excavation will direct run-on away from the active area and act 
as a safety barrier. Materials and methods of construction are 
specified in construction specification B-714-C7 (ref 6) . 

A. Run-On Control System 
Run-on control will be provided by embankments around the perimeter 
of the WMA. Any 1 i quid co 11 ected wi 11 be routed around the WMA 
by the embankment or drained to the run-on collection/infiltration 
basin. The watershed area which produces the run-on is a 157 acre 
predominantly unimproved area. Ground cover consists of sagebrush 
and poor grass. None of the watershed area or WMA is below the 
100 yr flood plain. The run-on control system was designed to 
handle run-on from a 24-hr, 25-yr storm as well as water resulting 
from snowme lt. The peak surface fl ow has been identified as 
2.50 cfs. Calculations for peak surface flow and depth of flow 
in the ditches may be found in appendix A. 

B. Run-Off Control System 
The closure cover will slope 0.5% to the north. The purpose of 
this .slope is to allow the closure cover to match closely the 
topography without the need for construction of steep embankment 
slopes. The natural topography of the land will drain any run
off away from the WMA. 

8831B714.ER.331 - 3 -
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Calculations to predict the amount of run-off are contained in 
appendix A. The method used to calculate the peak flowrate i s 
from the Benton County Hydrology Manual (ref 1). In addition to 
these calculations, the Hydrologic Evaluation of Landfill 
Performance (HELP} computer program developed by the EPA was 
used to evaluate run-off from the closure cover (HELP Model 
Results, appendix B}. The model computes run-off using the Soil 
Conservation Service run-off curve number method. The run-off 
model and calculations assumed that the cover surface will have a 
topsoil of silty fine sand with scattered grass. 

The computer analysis indicated that no run-off would have occurred 
from precipitation recorded for the years 1981 through 1987. These 
7 years were chosen for use in the model because the average annual 
precipitation equaled 7. 23 in. which exceeded the average between 
1912 and 1988 of 6.42 in. Run-off is dependent on the time of 
year a storm occurs, the soil moisture content, the intensity of 
the rainfall, and the slope of the surface. This model uses a 
slope between 2 to 7%. Run-off was predicted when the mode l 
included data for rainfall that exceeded 1 in. in a 24-hr period. 
Daily precipitation has equalled or exceeded 1 in. only twice 
during the period from 1946 through 1987 according to data from 
the Hanford Meteorology Station (ref 2 and 3). 

The 25-yr, 24-hr design storm equals 1.56 in . according to Table 61 
of the Climatological Summary for the Hanford Area (ref 2) . 
This amount includes both rain and the water equivalent of snow. 
The chinook event, which occurs when the snowpack is quickly 
melted by above freezing temperatures, is also included in the 
precipitation values. The design storm produced the largest 
run-off volume (2,211 ft 3 from a cover area of 161,200 ft 2} when 
ca l cu l ated from mod i f i ed data from the winter of 1985-1986 (HELP 
Model Results, appendix B} . 

88 31 B 714 . ER. 3 31 - 4 -
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A. Run-On Control System • 
The Benton County Hydrology Manual by Advanced Eng ineer i ng 
Consultants Inc. (ref 1) was used to determine the run-on flowrate 

B. 

from the surrounding area. The manual uses the formula 
Q = Cf x C x Ix A where: 

Q • flowrate (cfs) 
Cf= frequency factor 
C = run-off coefficient 
I 2 rainfall intensity (in./hr) 
A = area (acres) 

The run-on using this formula, including a correction factor for 
snowmelt, is 2.50 cfs. 

Run-Off Control System 
The formula used to determine run-on flowrate (Benton County 
Hydrology Manual, 1979) was used to calculate the peak run-off 
rate of 0.53 cfs for the 25-yr, 24-hr design storm (appendix A). 
This flowrate, calculated with a conservative run-off coefficient, 
produced a total volume from the design storm which was almost 
three times the volume predicted by the HELP model. Using a less 
conservative value, the calculated volume of run-off was almost 
the same as the HELP model prediction. 

The results of the HELP model normally predicted no run-off from 
the closure cover when precipitation was less than 1 in. in a 
24-hr period. The exception was when a storm of 0.90 in. per 
24 hr was added following the snowmelt of a heavy winter and over 
0.50 in. of rain. Factors contributing to the predicted lack of 
run-off for most storms of less than an inch per 24 hr include: 

Low average annual rainfall (6.42 in.). 

8831 B714. ER. 331 - 5 -
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High average annual evaporation rate (40 in ., U.S . Nat ional 
Weather Service). 

Relatively high-hydraulic conductivity of the soil (0.0001 to 
0.001 cm/sec). 

The cal.culated run-off flow is insignificant when compared to the 
run-on flow ( .48 as compared to 2.5 cfs). The run-off area for 
the project is 27 acres compared to the 157 acres of run-on area. 
Intermediate run-off collection features are unnecessary because 
of the small run-off area and flowrate. 

All run-on flow can be diverted around the site or contained in 
the run-on collection/infiltration basin without need for upstream 
drainage features. 

VI. REFERENCES 

1. Benton County Hydrology Manual and Drainage Design Review 
Procedure. Advanced Engineering Consultants, Inc., 1979. 

2. Stone, W. A., Thorpe, J.M., Gifford, 0. P., and Hoitink, D. J., 
"Climatological Summary for the Hanford Area," Battelle Memorial 
Institute, Pacific Northwest Laboratory. PNL-4622, 1983. 

3. Hanford Meteorology 
Records. Battelle 
Laboratory, 1981-1987. 

Station, 
Memorial 

Climatological Data 
Institute, Pacific 

- Monthly 
Northwest 

4. Schroeder, P.R., "Hydrologic Evaluation of Landfill Performance ," 
HELP Version 2, U. S. Army Engineer Waterways Experiment Station, 
Vicksburg, Mississippi , 1988. 

5. Drawing H-2-77577, Rev. 0 Sh 1 and 2, Civil Run-On/ Run-Off Plan 

88318714. ER. 331 - 6 -

APP 4J-9 

9/ 89 



DOE/ RL 88-27 
Rev. 1, 01 /1 7/ 90 

6. Construction Specification for Run-On/ Run-Off Drainage Contro l 

Ditch for Grouted Waste Disposal Facilities Grouted Vault Pair 

(218-E-16), prepared by Kaiser Engineers Hanford Company. 
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DESIGN ANALYSIS 
~ev,s,on _____ _ 

Client WHC WO /Job No. ER9089 

Sub1ect RUN -ON CONTROL Date 500/89 By R. G. H0 LL~:lB ECK 
Ch eck ed S/3, I -~ ,., By 

~ ~ ' . -.I ' 
I... 

Locati o n 218 -E-16 Rev ised Bv 

PURPOSE 

A run-on control ditch is requ i red to divert precipitation run-on around th e 
w a s t e fa c i l it y . Thee c a l cu l a t i on s w i 11 de t e rm i n e the run -on fl ow r a t e a n d 
the required size. These ca l culat ions are required by EPA 530 SW-84- 004. 

DESIGN CRITERIA 

Design storm= 24 hour duration , 25 year frequency. 

ASSUMPTI OHS 

All run-on reaching the site will flow into only one ditch . 

. 

There is no infiltration from the ditch into the ground. 

REFERENCES 

1. 

2 . 

3. 

4 . 

5. 

Benton County Hydrology Manual and Ora i nage Design Review Procedure. 
Advanced Engineering Consultants , Inc. , 1979 . 

Stone, W. A. , Thorpe, J. M. , Gifford, 0 . P., and Hoit i nk , D. J., 
"Climatological Summary for the Hanford Area" , Battelle Memor i al 
Inst i tute , Pacifica Northwest Laboratory. PNL-4622, 1983. 

French, R. H. , "Open Channel Hydraulics" , 1985. 

Aisenbrey, A. J. Jr., Hayes, R. 8., Warren, H. J., Winsett, D. L., 
Young, R. B., "Design of Small Canal Structures", U. S. Dept. of the 
Interior , 1978. 

Permit appl i cants Guidance Manual for Hazardous Waste Land Trea tment 
and Storage , and Disposal Facilities. EPA 530 SW-84.004, May 1984 . 

RESULTS 

Maximum flowrate from the total watershed area is 2.5 CFS . Water dept h in 
the drainage ditch with a bottom slope of 1/2% is 0. 905 feet . 
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-age No. ~ -~----~· KAISER ENGINEERS 
HANFORD 

DESIGN ANALYSIS 
Hev,s,on _____ _ 

Client Westinghouse Hanford Company WO/Job No. ER:1089 

Subiect RUN-ON CONTROL Date 5/ 30 / 89 By R. G. Hollenbec k 

Checked 5/31 j,;;9 
Location 218- E-16 Revised 

By _z,)£ a,_,,b(X. 
Bv 

CALCULATIONS 

RATIONAL FORMULA METHOD 
PEAK RUN-ON RATE 

Project Name: Grouted Waste Disposal Facilities. 
Location: Near Eastern border of the 200-E Area of the Hanford Sit e 

BASIN CONDITION: Natural 
Drainage Area A= 157 acres (See attachment 1). 

OVERLAND FLOW TIME OF CONCENTRATION: . 
Average slope: S = 0.013 foot / foot 
Ground condition: Silty sand covered with native grasses and 

sagebrush. 
Roughness coefficient: K = 1.08 (See reference 1, Figure 5). 

RAINFALL INTENSITY: 
Design return period= 25 years. 
Rainfall intensity I = 0.065 inches/ hour for a 24 hour 25 year storm. 

(See reference 2, Figure 36). 
Frequency Factor Cf= 1.1 (reference 1, pg . 5.5). 

RUN-ON COEFFICIENT: 
Impervious area - 0 acres. 
Pervious area - 157 acres. 
Pervious C = 0.20 (reference 1, Tabl~ 2). 

PEAK RUN-ON RATE: 
Q = CfCIA = 1.1(0.20)(0.065)(157) = 2.25 CFS. 
Increase the value by 10% for the presence of snow and frozen ground 
(reference 1, pg 5-13) . (2.25)(1.10) = 2.5 CFS. 

RUN-ON VOLUME: 
V = TQ = 24 x 60 x 60 x 2.5 = 216,000 CF. (Conservat ive) 

COLLECTION/INFILTRATION BASIN 
Construct basin large enough to contain the entire run-on volume. 
Basin dimensions: Bottom width= 75 ' , bottom length= 175 ' , depth= 
10', side slope= 3 to lx. Capacity= 218,000 CF. 

::C l • <" , .. . .,.. 
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DESIGN ANALYSIS . 

Cli ent WHC W01Job No. ER9O89 

Subject RUN-ON CONTROL Date 5/30/ 89 

ChecKed 

Locat ion 218-E-16 Revised 

CALCULATIONS (Can't) 

DETERMINE REQUIRED DITCH SIZE FOR 2.5 CFS 

Mannings Equation Q = (l/n)(l.49)AR2/3sl/2 
Where: 
Q = 2.5 CFS from page 2 of these calculations 
n = 0.027 roughness coefficient (reference 3, Table 4.8) 
D = Depth of flow in ft 
A= l.5o2 area in ft2 
R = A/2((1 . 50)2 + o2]0.5 hydraulic radius in ft 
S = 0.005 slope in ft/ft 

Try D = 0.905 

Q = (l/0.027)(1.49)(1.229)(0.3772/ 3)(.005)1/2 = 2.50 CFS OK 

Depth of flow= 0.905 feet 

o ........ j ___ ....., __ .....___ ___ I ½-(~,, 

.,....,, D • • •• . • • " 

TYPICAL DITCH SECTION 
No Scale 
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DESIGN ANALYSIS 
Hev,s,on _ _.O..__ ___ _ 

Client \+IHC WO/Job No. FR9089 
Sub1ect RIIN-QEF CONTROi Date 10/10 / 88 By s D CQ NSORI 

Checked '!> ,/2.9 / ~ q By J2.G- oil .., -ki: ,. k,, 
' 

Locat ion 218-E-16 Rev ised Bv 

PURPOSE 

These calculations will determine the runoff flowrate from the closure cover 
for all 44 proposed vaults. 

DESIGN CRITERIA 

Design storm= 24 hour duration, 25 year frequency. 

ASSUMPTIONS 

A uniform slope is assumed for the entire closure cover. 

The vegetative cover is scattered grass to allow for maximum runoff . 

The current run-on/run-off features will be extended as additional vau l ts are 
cunstructed. 

REFERENCES 

1. Benton County Hydrology Manual and Drainage Design Review Procedure . 
Advanced Engineering Consultants, Inc., 1979. 

2. Stone, W.A., J.M. Thorpe, O.P. Gifford and D.J. Hoit ink , Cl imatolog i ca l 
Summary for the Hanford Area". Battelle Memorial Institute , Pac i f i c North 
west Laboratory, PNL-4622, 1983. 

3. Hanford Meteorology Station, Climatological Data - Monthly Records . 
Battelle Memorial Institute , Pacific Northwest Laboratory , 1981-1987. 

RESULTS 

Flowrate from the closure cover is 0.48 CFS using a runoff coefficient of 
0.25 . 

A- 8 

APP 4J-17 



I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I _: 
I 
I 

I 
I 
I ;1 _ 
I 

1 -
/ 

I 
I 
I 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

KAISER ENGINEERS 
HANFORD DOE/ RL 88-27 

Rev. 1, 01 / 17/ 90 ::; , 
DESIGN ANALYSIS 

Client Wl::iC WO: Job No. E89Q89 
Sub1ect BUH-OEE COtUBOL Date 10LlOL88 By 

Checked ·-=== / -:/ / ~ -:, By 
' 

Locat ion 218-E-16 Revised e v 

CALCULATIONS 

RATIONAL FORMULA METHOD 
PEAK RUNOFF RATE 

Project Name: Grouted Waste Disposal Facilities. 
Location: Hear eastern border of the 200-E Area of the Hanford Site. 

BASIN CONDITION: Ultimate 
Drainage Area: A= 27 acres (See Attachment 1) 

OVERLAND FLOW TIME OF CONCENTRATION: 
Average slope: S = 0.005 foot/foot 
Ground condition: Silty fine sand covered with scattered grass. 
Roughness coefficient: K = 0.83 (See reference 1, Figure 5) 
Overland flow distance: L = 740 feet 
Overland flow time of concentration: Tc= 27.6 minutes (See reference 1, 
Figure 5 )· 

RAINFALL INTENSITY: 
Mean annual precipitation (1912-1987): 6.42 inches 
Design return period: 25 years 
Rainfall intensity: I• 0.065 inches/hour for a 24 hr, 25 yr storm (See 
reference 2, Figure 36) 
Frequency Factor: Cf• 1.1 (See reference 1, pg. 5-5) 

RUNOFF COEFFICIENT: 
Pervious area: 27 acres 
Pervious C : 0.25 (See reference i, Table 2; cover design does not exact l y 
fit any of the categories, so this value was chosen from values perta ining 
to improved grassy areas) 

PEAK RUNOFF RATE: 
Q • CfCIA • 1.1(0.25)(0.065)(27) • 0.48 CFS 
Increase the value by 10% to account for the presence of snow and frozen 
ground (see reference 1, pg. 5-13). 
Q = 1.1(0.48) = 0.53 CFS 

If C = 0.10 (considering the use of uncompacted sandy topsoil for the 
cover), then Q • 0.19 CFS. Q = 0.21 CFS with snow . 

TOTAL VOLUME PRODUCED BY DESIGN STORM: 
V • TcQ(60 sec/min) 

• 27.6(0.53)(60) • 878 cubic feet in 27.6 minutes for C = 0.25 
878 + 0.53(24 hr - 27.6 min)• 45792 cubic feet in 24 hours 

V • 27.6(0.21)(60) • 348 cubic feet in 27.6 minutes for C = 0.10 
348 + 0.21(24 hr - 27.6 min)= 18144 cubic feet in 24 hours 
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HYDROLOGIC EVALUATION,..OF-TANDFILL PERFORMANCE (HELP) 

MODEL RESULTS 

The results of the run-off evaluation by the HELP program (Schroeder, 1988; 
see Ref 4 in Run-on/Run-off report) were produced using daily precipitation 
and temperature data from the years 1981 through 1987. The average monthly 
and annual totals for the years 1982 and 1983 are included on pages 8-4 and 
B-5. October of 1982 included the 0.93 inch storm which is the largest 
24-hr storm that occurred in these 7 yrs. The 11.07 inches of precipitation 
in 1983 is the third highest annual total on record since 1912. 

The surface of the closure cover was assumed to be 6 inches of uncompacted 
silty, fine sand with an approximate hydraulic conductivity of 0.0007 cm/s. 
The vegetation, according to HELP model classification, was poor grass with 
an evaporative zone depth of 20 inches. 

The 25-yr, 24-hr design storm was inserted into the portions of the 
precipitation data which would model the greatest amount of run-off from the 
cover. The 1.56 inches of rainfall was added to the data of late January in 
the heaviest winter (1985-1986) of the 7 yrs used. All the snow had melted 
followed by 3 days of rainfall that totalled about a half inch. The addition 
of the design storm on the fourth day produced 0.165 inch of run-off. 
Reducing the amount of added precipitation on this day to 0.90 inch produced 
0.010 inch of run-off giving a total volume of only 26 cubic feet . 
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SECTION 01300 

SUBMITTALS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

DOE/ RL 88-27 
Rev. 1, 01 / 17 / 90 

1.1.1 This Section summarizes submittals required in Part 1 of each 
section of this Specification. It explains type of submittals required, 
and describes procedures for submittals and review. 

1.1.2 Submittals required in Part 1 of each section are summarized in 
Schedule of Submittals. Each submittal is identified by Submittal Number, 
Reference Section, and Title. Submittals are required for either Review and 
Approval or Review for Record. 

1.1.2.1 Submittals requiring Review and Approval are those which shall 
receive approval before procurement, fabrication, or construction is started. 

1.1.2.2 Submittals requiring Review for Record are those which Contractor 
may proceed with procurement, fabrication, construction, or acceptance 
testing, but acceptance is contingent upon compliance with Drawings and 
Specifications. 

1.1.3 Supplemental Submittals are initiated by Contractor in accordance 
with Section 01630 for consideration of substitute products or corrective 
prncedures and require Review and Approval. 

• 1. 2 SUBMITTAL PROCEDURES 

1. 2 .1 Transmit submittals to KEH by Data Transmittal form . 

1.2.2 Identify each submittal by Submittal Number, Reference Section, 
and Title noted in the Schedule of Submittals . Number of copies required 
for retention by KEH are shown in Schedule and include 2 copies to be 
returned to Contractor. Additional copies required for Contractor uses 
sha 11 be added. 

1.2.3 Review each submittal for completeness, compliance with Contract 
Documents, and proper identification before sending to KEH. Submittal data 
shall either be stamped showing review process has taken place or Data 
Transmittal form may be signed with statement of "Reviewed for Compliance." 
Submittals not stamped or signed to show review will be returned without 
consideration. 

1.2.4 Submittals requiring Review and Approval will be stamped by KEH 
and marked "Approved", "Approved with Exception," or "Not Approved, Revise 
and Resubmit." Approval of submittals does not relieve Contractor of 
responsibility for errors which may be contained therein. 

71401300.SP7.310 01300 - I 
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1.2.4.1 Approved submittals are identified by submittal stamp with 
"Approved" or "Approved with Exception" box checked. "Approved" signifies 
general concurrence to achieve conformance with design concept of Project 
and compliance with requirements of Contract Documents. "Approved with 
Exception" signifies general concurrence with noteworthy comments or 
clarifications. Approval of submittals does not relieve Contractor cf 
responsibility for errors contained therein. Approval of specific item 
shall not be construed as approval of system or assembly of which item is a 
component. 

1.2.4.2 A submittal which is not approved is identified as "Not Approved, 
Revise and Resubmit." Submittal is considered by KEH to be technically 
deficient or incomplete and therefore, unacceptable. Resubmittal is 
required, hence fabrication, procurement, or performance of procedures shall 
not proceed. 

1.2.4.3 Upon receipt of deficient submittal data, Contractor shall make 
corrections noted on transmittal and resubmit data to KEH within 10 calendar 
days. 

1.2.5 Materials and equipment fabricated or installed without required 
approved submittals, or which differ from approved Drawings or vendor data 
are subject to rejection and replacement at Contractor's expense. 

1.2.6 Delays arising out of Contractor's failure to submit in timely 
manner required Drawings and other related data described in Contract 
Documents shall not constitute excusable delays for extensions, unless 
excusable under other provisions of Contract. Contractor shall allow 15 
calendar days for KEH review and disposition of submittals, including shop 

• drawings and vendor information, required to be furnished by Contractor. 
Time period will be measured from date of receipt of submittal in KEH's 
office to date of return mailing to Contractor. 

1.2.7 Contractor is responsible for dimensions to be confirmed and 
correlated at worksite. 

1.2.8 Submittals for Review and Record will be reviewed and filed. 
Incomplete or inaccurate data will be returned to Contractor marked 
"Resubmit" with appropriate comments, and items procured or work performed 
shall be corrected. Payment for equipment will not be made unless required 
Commercial Vendor Information (CVI) has been furnished. 

1.2.9 Supplemental Submittals shall contain sufficient data required in 
Section 01630 to show substantial compliance with Drawings and 
Specifications. Substitute product submittals shall contain as minimum, 
outline dimensions, operating clearances, and engineering data. Identify 
each submittal by Specification Section number and Paragraph number or 
referenced Drawing number and detail. Improperly identified or incomplete 
submittals will be returned without consideration. 

1.2.10 Procedures for performing certain items of work are required to be 
submitted for Review and Approval before work is commenced. Those work 

71401300.SP7.310 01300 - 2 
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procedures which have been approved by KEH for work similar to that to be • 
accomplished on Project may not need to be reapproved . Forward 1 copy of 
prev iously approved procedure to KEH by Data Transmittal form and identify 
by Submittal Number , Reference Section , Title, and either Contractor ' s 
procedure number or project number for which procedure was approved. 
Submittal will be reviewed by KEH and if acceptable retained for reccrd . If 
previously approved procedure is not acceptable submittal will be returned 
with requirements for resubmittal . 

1.3 SCHEDULE OF SUBMITTALS 

Submittal 
Number 

Submit ta 1 
Title 

CONTRACT GENERAL CONDITIONS 
55 . 2 Safety Program and 

Job Safety Analysis 

55 .3 

55. 5 .1 

• 55. 6 

Industrial Injury/ 
Illness Experience 

OSHA Form No. 200 
Report 

Equipment Certi
fication 

PROGRESS SCHEDULES 
01310/1.2.1 Progress Schedule 

Quantity 

5 

5 

5 

5 

5 

CONSTRUCTION FACILITIES ANO TEMPORARY CONTROLS 
01500/ 1.2.1 Anchoring and Enclosure 10 

Methods 

EARTHWORK 
02200/1.2.1 Method to Prevent 

Damage During 
Excavation 

71401300.SP7.310 
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Review and 
Approval 

5 days before 
start of work 

10 days 
after notice 
to proceed 

Before 
placing 
field office 

Before 
excavation 

Review 
For Record 

5 days 
before start 
of work and 
each month 

5th working 
day , each 
month 

2 days 
before 
bringing 
equipment 
ons ite 
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• PART 2 - PRODUCTS 

Not Used 

PART 3 - EXECUTION 

Not Used 
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PART 1 - GENERAL 

1. 1 REFERENCES 

SECTION 02200 

EARTHWORK 

DOE/ RL 88-2 7 
Rev. 1, 01 / 17/ 90 

1.1.1 Reference Standards and Specifications: The follow i ng standards 
and specifications, including documents referenced therein , form part of this 
Section to extent designated herein. 

1.1.1.1 American Society for Testing and Materials (ASTM) 

D 653-87 Standard Terminology Relat i ng 
to Soil, Rock, and Contained 
Fluids 

1.1.1.2 Washington State Department of Transportation (WSDOT) 

M41-10-88 Standard Specif i cat i ons for 
Road , Bridge , and Mun i ci pa l 
Construction 

1. 2 SUBMITTAL$ : Refer to Section 01300 for submitta l procedu res . 

1.2.1 Method to Prevent Damage During Excavation: Submit procedure 
proposed to prevent overstressing existing structures or interru pt i ng service 
to existing facilities . 

• PART 2 - PRODUCTS 

2.1 MATERIALS 

2. 1. 1 General: Obtain select soils from excavat i on or ot her designated 
locations. Obtain on-site approval for soils . 

2. 1.2 Corrugated Metal Pipe: Meeting the requ i rements of WSDOT M41- 10, 
Section 9-05.4. 

2.1.3 Fill or Backfill: Well graded soil mixtures which may conta in 
cobbles up to 3 inches in greatest dimension if un i forml y di str i buted and 
not constituting more than 20 percent of volume of fill. 

2.1 .4 Riprap: Meeting the requirements of WSDOT M41-10 , 
Section 9-13.1(2). 

2. 1.5 Stabilization : Gravel , defined in ASTM D 653 . Max imum size of 
particles 2 inch minus. 

71402200.SP?.304 02200 - 1 B-714- C? 
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• PART 3 

3. 1 

EXECUTION 

EXCAVATION 

DOE/ RL 88 -27 
Re v. 1, 01 / 17/ 90 

3. 1.1 Before performing excavation , obtain excavat i on permit . Exca vation 
permi t s wil l be furnished as set forth in Secti on 01 065 . 

3. 1. 2 Locate underground ut i l i t i es by hand too l s . Use of hea vy equipment 
and mac hinery i s subject to approval of KEH . 

3.1 . 3 Do not store excavated or other material closer th an 2 feet from 
edge of excavation unless barrier is erected to retain excavated mater i al s . 
Maintain materials in manner that they are prevented from fa l l i ng or sliding 
i nto excavat i on. Dispose of excess excavated material at area des igna ted by 
KEH. 

3 . 1. 4 Soils in Contaminated Zones 

3. 1.4. l Salvage i n s i tu stabilization materia l and reuse af t er bac kf il li ng 
and compacting. 

3. 1. 4. 2 In place density tests will be conducted by KE H on i n s i tu so ils, 
using nuclear density gage , during excavation . Results of t ests will be 
used by KEH for testing compaction of backf ill. 

3. 1.5 Where riprap is required , excavate in accordance wit h WSDOT M41-10 , 
Sect i on 8-15.3(1). 

3.1 .6 Where stabilization i s required, finish subgrade 3 inches be low 
el evations shown on the Drawings . 

3. 2 INSTALLATION 

3.2 .1 Corrugated Metal Pipe Culverts: Insta ll in ac cord ance with WSDO T 
M41- 10, Section 7-02.3(1)8. 

3.2 . 2 

3.2 . 2.1 

Fill and Backfill 

General 

a. Backfill Permit: Do not start f i ll or backfil l wi tho ut 
approved permit as set forth in Section 01065 . 

b. 
backfi 11 ed . 

Remove debris and organic matter from area to be filled or 

c. Use only select materials for f i l l or bac kfi l l . Ke ep 
materials free of frozen particles, lumps , organic matter and tr ash. 

d . Do not place f i l l or backf ill on fro zen ground . 

71 402200. SP7 . 304 02200 - 2 
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e. Filling or backfilling by sluicing or flooding with water 
will not be permitted. 

3.2.2.2 Structural 

a. Before placement of fill or backfill, demonstrate, to KEH 
by physical test at site, that procedure proposed for installat i on and 
compaction of soils will provide degree of compaction specified. Prepare 
"Soil Compaction Procedure" Form KEH-382, sample appended, in accordance 
with printed instructions. Forms will be furnished by KEH. 

b. Place backfill in accordance with WSDOT M41-10, 
Section 2-03.3(14)C, Method B under trenches and roads, and within 5 feet 
of fences or poles supporting electric lines or pipe. 

c. Compaction control tests will be in accordance with 
WSDOT M41-10, Section 2-03.3(14)0. 

3.2.2.3 Soils in contaminated zones 

a. Compact backfill by depositing soils in 8 inch layers and 
compacting to density equal to in situ density determined by tests made 
during excavation. Maintain uniformity of compaction throughout backfill . 

b. Do not use soils containing rocks larger than 3 inches in 
greatest dimension for compacted backfill. 

3.2.3 

3.2.4 

Riprap: Place in accordance with WSDOT M41-10, Section 8-15 .3(2). 

Finish Grading and Stabilization 

3.2.4.1 Rake area disturbed by work, remove surface stones larger than 
6 inches and dispose of excess material and -debris at area designated by 
KEH. 

3.2.4.2 Stabilize roadway shoulder~, ramps, and run-on/ run-off contro l 
ditches with 3 inch course of gravel meeting the requirements of 
Paragraph 2.1.6. Finish stabilization course to elevations shown on the 
Drawings. 

3.3 FIELD QUALITY CONTROL 

3.3.1 Soil Compaction Tests: Sampling and testing of compacted f ill and 
backfill will be performed by KEH. 

71402200.SP?.304 02200 - 3 
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SOIL COMPACTION PROCEDURE 

Pro1ect No. I Pro1ect Tit le I Date 

Contract No. I Procedure No. Location o f Demonstrat ion 

REQUIREMENTS EQU IPMENT DEMONSTRA TED 

Appl icab le Type 
Spec. / Dwg, 

Compaction Required " Manufacturer 

Max imum L ift Si ze Model . 
LABOR A TORY SOIL TEST RESULTS 

• Non-granular Materials • Granular Materials 
(WSDOT Test Method No. 6091 (WSDOT Test Method No. 606-A } 

COMPACTION DEMONSTRATION TEST RESULTS 

Formula for Percent Compaction : 

dry density 
X 100 • Percent Compaction 

max density 

No. of Depth Percent Lbs / ft3 Maximum Percent 
Passes of L i ft Moisture Dry Density Compact ion Accept 

. 

Observations or Comments . 
. 

TEST METHOD • Nuclear Gage • Sand Cone 0 O ther 
USED FOR (ASTh1 02922 (ASTM O 15561 

DEMONS TRATION & 0 30 17} 

Apparatus No. 

Con t ractor Date 

Representative 

Government Date 

Reoresentat1v1 APP 4J-35 
nn 11u - q ~ .. ' . ,... .. 

Re1ect 

..- ~ ._.. .,o., 1 1 
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INSTRUCTIONS 

DOE/ RL 88- 27 
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This Soil Compaction Procedure form, when approved by the Government Repre

sentative, constitutes an approved compaction procedure. 

Section A is the responsibility of the Construction' Contractor. It 
is to be completed at the time of backfill compaction demonstra

t ion and presented to the Government Representat ive. 

Section B is comp leted by the Government Representat ive. Data 
entered is obtained from the agency that performs the laboratory 

testing. 

Section C is completed by the 9overnment Representat ive as the 
demonstration is performed. Using the applicable formula , the per
cent compact ion ach ieved is determined and entered. Acceptance 
is based on the results as compared with the compact ion percent 

requ ired in Section A . 

Sect ion D is signed and dated by the Construct ion Contractor Rep

resentat ive acknowledging responsib il ity for th is procedure and com
pl iance thereto for appl icable backf i ll operat ions. Sect ion D is signed 
and dated by the Government Representat ive to sign ify approval. 

~ND OF SECTION 

---
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ASPHALT COMPATIBILITY WITH 
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A Letter Report for Westinghouse Hanford Company 

ASPHALT COMPATIBILITY WITH 90°C DSSF 

P. F. C. Martin 

March 1989 

Prepared for 
the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 
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SUMMARY 

DOE/ RL 88-27 
Rev. 1, 01 / 17/ 90 

Based on results of 120-day compatibility testing on three 

asphalt-based materials, Lion Nokorode 705~ (Lion 705M) has been shown 

to be the most suitable material for use as a grout vault liner. In 

addition to experiencing less penetration change and weight gain on 

exposure to 90°C Double Shell Slurry Feed (DSSF) supernate. Lion 705M 

possessed superior elasticity and presented fewer application 

difficulties than the other two materials . ATCO 1aso• was clearly 

unsuitable because of its tendency to become molten at 90°C. Lion 

Nokorode Seal Kate• (Seal Kate) was also found unsuitable because of 

chemical incompatibility. 

INTRODUCTION 

Current construction plans for vaults that will contain grouted 

double-shell tank (DST) wastes include the use of interior liners. 

These liners are intended to enhance the grout vault's barrier function 

by preventing the wicking of grout fluids into the vault concrete before 

the grout has set, and by preventing any leakage of excess liquid that 

may develop during the initial phase of grout curing. Asphalt-based 

materials are being considered because they possess several desirable 

attributes that make them well suited for use as liners. These 

attributes include ease of application, good adhesion to concrete 

surfaces, and the ability to seal or span small cracks in the concrete 

that may develop during and following grouting operations. Because of 

these attributes. asphalt-based materials have gained widespread use as 

® Nokorode 705M and Nokorode Seal Kote are registered trademarks of the 
Lion Oil Company, El Dorado, AR 

® ATCO 1850 is a registered trademark of the American Tar Company, 
Seattle, WA 
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moisture barriers and therefore constitute possible choices for use in 

grout vaults. However. the compatibility of asphaltic materials with 

the treated waste. at conditions expected in the vaults. needed to be 

addressed. Because temperatures within the grout vault may approach 

90°C, a demonstration of suitability at this temperature was required. 

This report presents the results of a 120-day experiment assessing the 

suitability of three asphaltic materials considered for use as grout 

vault liners. 

MATERIALS 

Based on conversations with vendors, three materials were chosen 

for chemical compatibility testing. Each material is suitable for spray 

application at ambient temperatures above 60°F. The materials included: 

1) ATCO 1850 (fibered roof emulsion. water-based, heavy-duty), 

2) Lion Nokorode Seal Kate (fibered, medium-grade. mastic). and 

3) Lion Nokorode 705M (two-part elastomeric polyisocyanate-based 

coating). Simulated DSSFl (see Table 1) was allowed to settle and the 

supernatant liquid was collected for use as an exposure fluid. 

PROCEDURE 

Samples were prepared for immersion testing by pouring a thin 

layer of well-mixed test material into a metal sample cup. Each layer 

was allowed to cure before the next layer was added. Because of the 

slow cure rate of Seal Kote. curing was accelerated by placing the 

sample cups in a 70°C bven. After curing, the samples were placed in 

1 Claghorn. R. o. 1987. Compositional Limits for Grout Feed: Double 
Shel) Slurry Feed and Retrieved Double Shell Slurry Formulation 
Experiments. RHO-RE·EV-96, Rockwell Hanford Operations. Richland . 
WA. 
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taeu; 1. Composition of Simulated DSSF 

specie~ Concentration, mgl/L 

Ag l. 50 E-03 

Al 7.50 E-01 

Ba 4.54 E-03 

Cl 1.09 E-01 

Ca 5.00 E-03 

SO4 5.25 E-02 

Fe 2.52 E-02 

PO4 5.95 E-02 

K 2.49 E-01 

OH 2.05 E+0O 

F 2.96 E-02 

Mn 5.00 E-02 

Na 5.30 E+00 

B4O7 2.43 E-03 

CO3 l. 50 E-01 

Cr2O7 l.ll E-02 

NO3 2.49 E+00 

NO2 5.00 E-01 

Ni 5.00 E-04 

Zn 2.49 E-02 

TOC 1.29 E-01 

Waste 
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immersion baths of DSSF supernate. deionized water. and water vapor: 

inverted to prevent loss of asphalt: and weighted. The baths were then 

placed in a 90°C oven and monitored for temperature and liquid level. 

Deionized water was added. when necessary, to compensate for evaporative 

losses. At intervals of 30. 60. 90. and 120 days the samples were 

• 

removed from the immersion baths. The samples were rinsed under water • 
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and allowed to dry in air overnight . before net weight change and 

penetration values were determined (ASTM 05). Penetration was 

determined using a 50 gram tapered needle assembly that was allowed to 

sink into the sample for five seconds. The penetration reading was 

taken in tenths of a millimeter using a dial caliper gauge. If the 

material was penetrated more deeply, indicating softening or 

compositional changes, the penetration readings increased. Changes in 

appearance were also noted and evaluated. 

RESULTS 

Table 2 summarizes a qualitative ranking of the materials relative 

to each other. Because the number of materials considered was small, a 

more quantitative ranking was not possible. Where the characteristic 

was similar between two materials the better-performing material was 

ranked •good• and the other ·oK.• For quantitative measures, where 

applicable, see Tables 3 and 4 and figures 1 through 4. 

TABLE 2. Summary of 120-Day Compatibility Testing with DSSF 

Arul 1Q.2 seal ~ate 
Curing Rate good good poor 

Percent Penetration Change med 1 ow high 

Weight Change, DSSF high low med 

Surface Changes, DSSF melts low pits 

Water melts swells swells 

Vapor low concave convex 

90°C compatibility no yes yes 

Shrinkage resistance poor good OK 
(during cure) 

Adherence poor good OK 
Elasticity/Resilience poor good poor 

4 
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TABLE 3. Penetration Values, 0.1-mm depth 

Exposure 
As -prepared 

DSSF .. ....... 30 day 
60 day 
90 day 

120 day 

Water . ....... 30 day 
60 day 
90 day 

120 day 

Water Vapor . . 30 day 
60 day 
90 day 

120 day 

TABLE 4. Percent Weight 

Exposure 

DSSF ......... 30 day 
60 day 
90 day 

120 day 

Water ... .. ... 30 day 
60 day 
90 day 

120 day 

Vapor ........ 30 day 
60 day 
90 day 

120 day 

AitQ. seal Kote 

18 5 

45 14 
47 16 
35 17 
47 17 

20 15 
28 10 
28 9 
28 10 

10 3 
8 2 
4 2 
3 1 

Change Through 120 Days 

AI.m 

31.1 
42.1 
42.5 
45.5 

4.9 
7.8 
6,.8 

13.7 

0.9 
2.3 
2.2 
2.1 
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seal Kate 

3.9 
4.6 
6.3 
7 .1 

3.6 
2.4 
2.6 
2.7 

-1. 9 
-2.6 
-2.9 
-0.6 

2!l5.ti 

38 

52 
74 
82 
81 

57 
78 
83 
99 

18 
17 
16 
15 

Exposure 

1.0.5M 

0.1 
0.3 
0.1 
0.3 

2.8 
4.3 
5.4 
6.1 

-8.5 
-10.0 
-11.1 
-11.0 
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Days of Exposure in DSSF 

FIGURE 1. Average Change in Penetration Through 120 
Days Exposure to DSSF 
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FIGURE 2. Average Change in Penetrat i on at 120 Days 
Exposure for ATC0 1850 
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A stra i ghtforward method was employed to evaluate the suitab ili ty 

of the l i ner mater i als . A comb i nation of phys i cal measurements , 

obse rv at i ons , and exper i ence ga i ned from samp l e preparat i on wa s used t o 
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determine which material was most suited for application as a grout 

vault liner. First. and most importantly, the material had to have a 

melting point above 90°C. If a material melts below 90°C the liner may 

thin over wide areas of the grout vault and therefore could no longer 

provide containment. 

Penetration measurement was used to indicate the possibility of 

detrimental change to the liner. If a relatively large change in 

penetration occurred, a close examination of the specimen was made to 

determine the cause of the change and to evaluate the likely effect on 

its suitability as a grout vault liner. An increase of penetration may 

result from (in order of increasing severity) simple heat expansion, 

incorporation of water, penetration of DSSF into the liner, or 

dissolution of asphalt and/or reinforcement fibers. Weight change and 

surface observation were used to confirm the likely cause of penetration 

change. For instance, the appearance of crystals, on the surface of the 

sample, in conjunction with weight gain would indicate the penetration 

of DSSF into the liner material. Conversely, the absence of crystals 

would indicate only the incorporation of water. 

Consideration of rate and uniformity of cure. resistance to 

shrinkage, adherence. and elasticity were used to supplement the 

judgement of suitability. Rate and uniformity of cure are important 

when these materials are applied to vertical surfaces. If the material 

cures slowly there is increased likelihood that the material would flow 

following spray application and result in uneven thickness. If a skin 

forms that slows the curing of the rest of the material (non-uniform 

cure), there is a possibility that underlying material will flow, again 

resulting in uneven thickness. Strong attachment to the concrete of the 
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vault constrains the direction in which the asphalt may shrink. 

Excessive shrinkage during cure may result in tears if there are areas 

where the liner is poorly adhered. Where asphalt is poorly attached, 

and therefore movement is not constrained by the vault wall, thinning 

will result. If the poorly attached area is sufficiently large a tear 

may occur when it is stretched beyond the limits of its elasticity. It 

is also felt that an inelastic liner will be less resistant to damage 

from construction equipment during liner application. 

In summary, assuming satisfactory temperature and chemical 

compatibility, it would be desirable to use a material that cured 

quickly and uniformly, that did not shrink excessively during cure, or 

if shrinkage occurred that the material was sufficiently elastic to 

compensate. The three test materials will be considered in turn 

evaluating their performance against the two primary compatibility 

criteria. namely temperature compatibility and lack of physical 

degradation on exposure. The material's elasticity and resistance to 

shrinkage will also be evaluated in relation to the preceding 

discussion. 

ATCO 1850 was found to be clearly unsuitable for the application. 

At 90°C the material becomes very soft and flows easily. For this 

reason its ability to seal the grout vault under the expected conditions 

is suspect. The matte surface that developed on this material was a 

layer of fine crystals. Therefore the DSSF had been incorporated into 

the liner and was largely responsible for the material's increased 

penetration. This material was also observed to gain the most weight 

during immersion exposure (see Table 4). Note also that this material 
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gained weight during exposure in a 10C% RH (water vapor) atmosphere at 

90°C when the other two materials lost weight. 

Although lion Seal Kote did not melt at 90°C and had the lowest 

absolute penetration values of the materials tested, its average 

penetration change (%) was the greatest. An increase in penetration 

this large is an indication of sample degradation. Close observation of 

the liner surface revealed that, after 120 days of exposure to DSSF, 

asphalt did not stick to the fibers, in the top layer of the sample. as 

thoroughly as in an unexposed sample. Exposed fibers were also observed 

on the sides of the exposure cup. This may be explained by the partial 

dissolution of asphalt, and therefoie may represent a compositional 

change. The appearance of small pits in the surface of the composite. 

surrounded by small rings of shiny asphalt, is another indication of 

chemical imcompatibility. It can be speculated that the fibers used in 

this asphalt are chemically incompatible with DSSF and. through 

dissolution or reaction, these small pits formed on the surface. These 

two indications of chemical incompatibility with OSSF eliminate Seal 

Kote as a possible choice as a grout vault liner. 

Lion 705M is recommended over the other two materials because it 

does not suffer the same limitations discussed above and, on average, 

appeared the least affected by exposure to 90°C DSSF supernate (see 

figure 1). lion 705M does not become molten at 90°C, and a quick check 

at 150°C indicated that it may be capable of withstanding higher 

temperatures. Although Lion 705M's initial penetration values were 

higher than those for the other two materials, because it lacks fibers. 

it's average change (%) was much less. In addition, weight gain in DSSF 

was very low. and surface change was limited to the development of a 
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slight stickiness. These observations indicate that physical 

degradation caused by chemical incompatibility was minimal. 

The inherent elasticity of Lion 705M makes it a better choice over 

the other tested materials. Curing of 705M occurs by reaction, not by 

solvent loss, so the material retains a ·springiness· and eoes not 

become hard and inelastic as ATCO 1850 and Seal Kate. Problems with 

prolonged curing (Seal Kate) and shrinkage (ATCO 1850) are avoided. 

Curing of Seal Kate is slowed by a skin that forms on its surface. 

Unless applied in a thin layer, testing on vertical surfaces would be 

required to determine if uncured material under the cured skin would 

flow and result in an uneven application. A second consequence of 

curing by solvent loss is shrinkage. Although not as pronounced as 

shrinkage for ATCO 1850, it was observed that the cured product pulled 

away slightly from the sides of the sample cup as the material cured. 

As previously stated, an inelastic liner that shrinks may thin, and 

eventually tear, if movement is not constrained by uniform attachment to 

the vault. Even though weight loss was higher in 90°C water vapor than 

for the other two materials, resulting in shrinking, (the surface was 

noticeably concave), the product adhered very well to the sides of the 

sample cup. In this case the elasticity of 705M was sufficient to 

compensate for the shrinkage. 

At ambient temperatures ATCO 1850 and Seal Kate were judged 

inelastic as evidenced by: 1) lack of •spring,• 2) permanence of 

penetration holes. and 3) shrinkage away from the walls of the sample 

cup. This combination of factors may result in damage to liner 

integrity during cure. and may render the material incapable of spanning 

cracks in vault concrete if they develop following liner application. 
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It is also likely that ATC0 1850 and Seal Kote will not ·heal· if 

punctured during the construction process. Because Lion 705M is 

elastic. small punctures may still be capable of excluding grout fluids. 

The good curing rate for Lion 705M will be beneficial during 

application because the material is not as viscous as the other 

materials. The manufacturer calls its thin consistency ·self-leveling,• 

referring to its most common application to flat roofs. Because of this 

thinness the material will have to be applied in fairly thin layers. 

Subsequent layers will need to be applied within six hours. or the 

previous layer roughened before the next coat can be applied. Despite 

this limitation Lion 705M possesses the thermal stability, chemical 

compatibility, and an inherent elasticity that make it suitable for use 

as a grout vault liner . 
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PARTICLE SIZE ANALYSES AND CALCIUM CARBONATE DETERMINATIONS 

This appendix presents particle size analyses and calcium carbonate 
determinations for sediment samples collected during the construction of 
monitoring wells 299-E25-25 through 299-E25-32. Sediment samples were 
collected by the field geologist or driller in I-pint glass jars. Field 
descriptions were made by the geologist and recorded in black ink on driller's 
log sheets. The glass jars were transported to the Hanford Geotechnical Sample 
Facility located in the 2101 M Building, 200 East Area, and were formally 
received by the facility. Samples were dried and sieved for particulate size 
distribution and calcium carbonate content determination according to standard 
procedures presented in this appendix. Data obtained from the particle size 
analyses and calcium carbonate content determinations are presented in 
Table 5Al-l. 

The weight of each grain size is presented in a sediment analysis report 
from the laboratory and is entered into the sieve analysis (ROCKSAN) data 
base. The ROCKSAN program calculates the weight percent of each major grain-, 
size constituent and sediment class. The grain-size scale used in the ROCKSAN 
calculations is the modified Wentworth scale used by American geologists. 

The sediment class is determined using the sediment classification scheme 
used by Tallman et al. (1979) (Fig. 5Al-l). The sediment class determined by 
ROCKSAN may be different than the sediment class noted on the lithologic logs 
for each well. This is because of the inherent subjectivity of the geologist's 
interpretation, and it is also dependent on the drilling method used, as noted 
on the lithologic sections in Appendix 5A-5. Depth is the distance, in feet, 
below ground surface where the sample was collected. The calcium carbonate 
content is reported in weight percent. The weight percent for each grain-size 
group, gravel, sand, and mud are presented. The notation N/A indicates results 
are not available. 

5Al-l 
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Table 5Al-l. Particle Size Analyses and Calcium Carbonate Determinations 
for Wells 299-E25-25 through 299-E25-32. 

Well 299·E25·25 

Depth 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
169 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 

%fp %vfp %vcs 
0.0 0.0 0.1 
0.0 0.1 0.5 

%cs 
1.5 
4.4 

%ms 

1.1 
6.5 

%fs %vfs %silt %<silt gravel 
2.2 28.6 36.1 30.4 0.0 

29.7 39.8 9.2 9.9 0.1 

sand mud CaC03 Class 
33.5 66.5 N/A sM 
80.8 19.1 N/A (m)S 

1.3 2.3 16.9 46.2 11.8 8.2 4.8 
0.0 1.3 8.2 49.6 32.6 4.1 1.7 
0.2 1.4 21.9 57.2 10.1 3.6 2.2 
0.1 0.6 13.1 62.6 12.1 4.3 2.7 
0.8 0.7 6.5 40.4 32.2 7.0 4.9 
5.7 2.0 4.9 36.1 38.9 5.5 2.8 
0.5 0.2 1.7 29.9 52.1 7.5 3.3 
0.0 0.2 2.8 33.3 42.9 10.7 4.1 
0.7 
0.1 
0.3 
0.0 
0.0 
0.0 
o.o 
0.0 
0.7 
6.2 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.7 
0.0 
0.1 

1.9 
1. 1 

1. 1 
0.1 
0.1 
0.5 
0.4 
0.2 
0.4 
0.4 
0.3 
0.5 
0.3 
0.4 
0.3 
0.9 
0.7 

9.5 38.3 31.7 8.8 4.0 
10.9 45.3 30.9 7.2 2.5 
14.2 . 42.9 25.1 7.7 4.0 
1.4 20.4 51.0 14.1 5.9 
0.1 5.1 38.1 34.2 12.1 
4.0 24.5 44.6 14.5 5.3 
3.3 21.4 44.5 17.2 6.2 
0.6 4.0 21.3 43.4 17.8 
2.1 5.6 30.5 37.3 12.9 
2.8 13.0 34.2 24.6 9.1 
3.2 17.9 43.6 20.1 7.6 
3.6 21.2 43.0 14.4 7.1 
2.8 20.9 54.7 13.4 4.0 
1.8 8.9 31.3 34.9 12.4 
1.0 7.7 36.2 33.4 11.2 
5.2 11.3 30.5 28.5 13.3 
2.4 12.6 44.7 24.9 7.9 

0.7 3.5 18.7 41.4 22.2 7.4 
2.7 9.9 30.9 31.2 12.4 6.0 

4.7 10.3 31.4 29.9 11.0 5.1 3.1 
0.7 3.9 15.1 25.4 20.6 12.6 8.8 
0.1 0.3 3.2 17.5 36.1 20.0 9.8 
1.5 4.7 12.2 29.4 25.9 11.3 7.0 
1.1 4.1 10.0 22.8 16.7 11.2 15.4 
7.7 13.1 14.1 14.1 12 . 2 11.1 9.2 
8.8 14.6 14.6 12.4 11.6 10.3 8.5 
0.6 6.7 15.2 23.8 17.5 11.6 8.8 

11.9 15.9 15.7 20.9 13.1 7.6 5.5 
9.2 21.5 14.9 11.0 10.5 8.3 6.8 
0.9 

17.2 
13.3 
3.4 

12.3 
0.5 

7.9 
20.1 
18.0 
9.7 

19.8 
2.3 

14.5 
14.6 
14.2 
18.3 
15.4 
7.4 

15.2 
10.1 
11.2 
21.2 
12.2 
12.5 

15.9 12.4 10.4 
7. 2 8.1 6.8 

11.2 8.9 7.3 
15.8 9.7 7.1 
10.6 8.8 7.1 
14.6 16.3 14.0 

APP 5Al-2 

1.8 6. 7 
0. 7 1.9 
0.9 2.6 
1. 1 3.3 
2.1 5.5 

1.1 3.1 
1.2 3.6 
1.6 4.3 
1.5 
0.7 
1.3 
2.2 
3.0 
2.0 
2.1 
4.3 
3.3 
3.2 
2.4 
2.9 
1.2 
3.5 
3.0 
4.0 
1.9 

3.7 
1.4 
3.5 
5.0 
7.4 
4.6 
4.9 
8.5 
7 .1 

6.5 
4.8 
7.3 
2.8 
6.8 
7.2 
6.4 
4.2 

2.0 4.2 
1.8 5.0 

3.7 87.8 
1.3 96. 1 
1.5 95.0 
0.7 94.8 
1.5 91.0 
7.7 88.1 
0.7 94.5 
0.2 93.9 
2.6 92.3 
1. 1 96.8 
1.5 93.8 
0.1 92.8 
0.1 89.5 
0.5 . 92.9 
0.4 92.6 
0.2 87.0 
1.1 88.5 
6.6 83.7 
0.3 92.5 
0.5 89.4 
0.3 95.7 
0.5 89.2 
0.3 89.5 
0.9 88.7 
1.4 92.5 
0.7 93.2 
2.8 90.4 

1. 2 3.2 15.0 80.6 
2.9 10.0 4.6 82.5 
3.5 9.6 0.3 86.6 
2.1 5.9 6.3 85.8 
6.9 11.6 5.3 76.2 
3.8 14.8 20.9 60.6 
4.5 14.8 23.4 57.3 
3.6 12.3 7.2 76.9 
2.3 7.1 27.9 62.8 
3:1 14.7 30.8 51.4 
5.1 17.8 8.8 68.3 
3.2 12.6 37 .4 46.9 
3.6 12.3 31.2 52.9 
2.8 12.2 13.1 72.0 
2.9 10.9 32.1 54.1 
6.2 26.3 2.8 64.8 

8.5 N/A S 

2.6 N/A S 

3.5 N/A S 

4.5 N/A S 

7.5 N/A S 
4.2 N/A (g)S 
4.8 N/A S 

5.9 N/A S 

5.1 N/A S 
2.1 N/A S 

4.8 N/A S 

7.2 N/A S 

10.4 N/A (m)S 
6.5 N/A S 

7.0 N/A S 

12.8 N/A (m)S 
10.4 N/A (m)S 
9.7 N/A (gm)S 
7.2 N/A S 

10.1 N/A (m)S 
3.9 N/A S 

10.3 N/A (m)S 
10.2 N/A (m)S 
10.4 N/A Cm)S 
6.1 N/A S 

6.1 N/A 
6.8 N/A 

s 
s 

4.4 N/A gS 
12.9 N/A (m)S 
13. 1 N/A (m)S 
8.0 N/A (g)S 

18.6 N/A (gm)S 
18.6 N/A gmS 
19.3 N/A gmS 
15.9 N/A (gm)S 
9.4 N/A (m)gS 

17.8 N/A msG 
22.9 N/A C-g)mS 
15.8 N/A msG 
15.9 N/A msG 
15.0 N/A (m)gS 
13.8 N/A msG 
32.4 N/A ms 

• 
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Well 299·E25·25 

Depth %fp %vfp %vcs %cs 
230 5.6 14.4 14.5 15.9 
235 10.0 16.5 14.5 12.2 
240 10.2 19.8 15.4 9.8 
245 6.7 18.5 17.3 12.1 
250 13.9 19.1 14.3 10.6 
255 10.2 19.7 14.6 10.6 

%ms %fs %vfs %silt %<silt gravel sand 
14.0 10.7 8.7 3.8 12.4 20.0 63.8 
10.2 10.2 8.4 3.2 14.7 26.5 55.6 
12.5 9.3 7.9 3.4 11.6 30.1 54.9 
12.1 9.5 7.8 3.9 12.2 25.1 58.8 
10.1 8.4 7 .2 3. 7 12. 7 33.0 50.6 
9.9 9.4 8.1 3.9 13.7 29.9 52.5 

260 
265 
270 
275 

280 
285 
288 

6.4 24.9 
0.2 2.5 
4.7 20.7 
0.3 1.8 
0.2 1.4 
0.0 0.3 
0.2 4.1 

16.5 10.7 7.9 9.1 7.6 
14.6 18.3 14.7 13.7 11.7 
19.5 12.1 9.7 9.4 8.3 
10.1 20.0 25.2 15.1 10.6 
7.6 26.3 32.5 12.9 7.6 
4.0 22.4 33.2 17.3 9.2 

15.7 32.0 21.7 9.4 6.3 

4.2 
6.0 
3.5 
4.4 
2.9 
3.3 
2.5 

12.7 31.3 51.8 
18.5 2.7 72.9 
12.1 25.4 59.0 
12.5 2.1 81.0 
8.6 1.6 86.9 

10.4 0.3 86.0 
8.1 4.3 85.2 

\.lell 299·E25·26 

Depth 
5 

10 
15 
19 
22 

25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

81 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 

%fp %vfp %vcs 
1.3 0.3 1.0 

%cs %ms 
4.3 22.4 

%fs %vfs %silt %<silt gravel 
29.5 25.9 7.2 8.2 1.5 

sand 
83.0 

1.1 
1.2 
0.7 
0.6 
2.5 
0.1 
0.0 
2.0 
0.8 
0.0 
0.4 
0.1 
0.0 
0.6 
0.0 
1.3 
6.0 

16.6 
19.6 
8.2 
0.3 
0.5 
0.0 
2.4 
1.0 
0.2 
1.9 
3.6 
3.3 
1.6 
1.3 

2.8 7.5 
11.0 19.0 
12.6 31.1 
3.1 17.9 

13.9 46.9 
12.0 51.4 
1.7 25.2 

27.6 27.0 18.4 
17.9 14.9 18.0 
19.3 10.5 11.7 
44.2 19.1 7.8 
24.9 4.8 2.1 
19.4 6.9 4.5 
51.3 12.6 5.3 

6.1 
7.3 
4.4 
2.4 
0.7 
1.6 
1.3 

8.3 
7.3 
6.1 
4.4 
1.7 
3.3 
2.5 

1.1 
3.5 
3.7 
0.5 
2.6 
1.0 
0.1 
1.8 
0.8 
0.4 
0.1 
0.2 
0.2 
1.0 

9.5 40.3 31.7 8.6 3.1 0.9 2.2 
7.4 35.8 32.7 9.5 6.3 2.4 4.4 
3.9 33.0 45.9 9.3 3.7 1.2 2.6 
6.1 35.4 35.7 9.9 2.6 3.3 6.6 
2.6 22.7 44.7 15.7 7.0 2.3 4.8 
2.2 30.3 52.4 9.2 2.9 1.0 1.8 
3.1 18.3 39.2 24.5 7.1 1.9 4.3 

2.2 83.3 
4.7 80.7 
4.4 85.2 
1.0 92. 1 
5.1 92.5 
1.0 94.1 
0.1 96.1 
3.7 93.1 
1.6 91.6 
0.4 95.8 
0.4 89.6 
0.4 92.6 
0.1 97.0 
1.6 92.1 

0.1 1.1 
6.0 12.6 

17. 1 31.3 
15.3 25.3 
27.9 30.8 
23.9 32.5 
1.5 18.9 

10.8 42.9 31.1 
28.7 30.0 11.6 
24.5 11.6 4.0 
20.1 10.5 5.4 
13.2 4.5 1.8 
16.1 7.1 4.3 
49.5 21.1 4.3 

8.3 
4.9 
2.5 
3.3 
1.0 
3.6 
2.0 

6.0 27.0 44.7 14.5 3.8 1.9 
0.6 13.5 57.8 19.7 4.4 2.0 
6.4 29.7 38.5 12.1 4.8 2.9 
6.0 25.4 l5.7 14.2 6.9 4.7 
1.9 28.4 50.2 13.1 3.3 1.5 
8.3 35.2 32.4 12.8 5.3 2.1 
4.8 26.9 44.6 12.6 3.5 1.8 
9.0 31.4 31.9 10.2 4.9 3.7 
8.5 35.7 38.9 8.9 2.9 1.4 
5.9 31.5 39.7 11.3 4.5 2.6 

APP 5Al-3 

2.3 
1.4 
0.8 
1.0 
0.3 
1.3 
0.7 
0.5 
0.6 
0.8 
1.8 
0.4 
0.7 
0.6 
1.6 
0.5 
0.9 

3.5 
3.7 
2.2 
2.5 
1.0 
2.9 
1.6 

0.1 
7.3 

23.1 
31.9 
47.4 
32.1 

1.8 

94.1 
87.6 
73.8 

64.6 
51.2 
63.7 
95.9 

1.2 6.4 91.8 
1.4 0.6 97.4 
2.5 8.7 87.9 
4.5 6.9 86.9 
1.0 2.1 96.5 
1.4 10.2 87.7 
1.6 8.4 89.3 
4.2 12.2 82.0 
1.6 10.2 87.7 
2.4 7.2 89.6 

DOE/RL 88-27 
Rev. 1, 01/17/90 

rru:l CaC03 Class 
16.2 N/A gmS 
17.9 N/A gmS 
15.1 N/A msG 
16.1 N/A gmS 
16.4 N/A msG 
17.6 N/A gmS 
16.9 N/A msG 
24.4 N/A ms 
15.6 N/A gmS 
16. 9 N/A (m)S 
11. 5 N/A (m)S 
13.7 N/A (m)S 
10.6 N/A (m)S 

rru:l CaC03 Class 
15.4 N/A (m)S 
14.5 
14.6 
10.4 
6.9 
2.4 
4.9 
3.8 

1.4 (m)S 
1.0 (m)S 
1.0 (m)S 
1.2 s 
1.4 (g)S 
0.9 S 

0.9 S 
3.1 0.6 S 

6.8 0.8 S 

3.8 0.9 S 

9.9 1.3 S 
7.0 0.9 S 

2.9 1.5 S 

6.2 1.4 S 

5.8 
5.1 
3. 1 
3.5 
1.4 
4.2 
2.3 

1.4 S 
1.0 (g)S 
0.9 gS 
1.1 sG 
1.2 sG 
0.9 sG 
0.7 S 

1.8 1.0 (g)S 
2.0 1.4 S 

3.3 0.9 (g)S 
6.2 1.0 (g)S 
1.4 1.1 S 
2.0 1.0 gS 
2.2 1.2 (g)S 
5.8 1.2 gS 
2.1 1.2 gS 
3.2 1.3 (g)S 



Well 299- E25-26 

Depth Xfp Xvfp Xvcs Xcs 
160 7.5 17.5 14.9 12.5 
165 7.4 14.0 13.0 14.1 
170 2.4 13.1 16.6 15.8 
175 4.3 21.1 25.0 12.6 
180 0.9 11.0 39.9 22.7 
185 0.8 6.2 28.2 22.8 
190 1.0 6.3 21.9 21.8 
195 3.4 3.4 4.8 10.8 

Xms Xfs Xvfs Xsilt X<silt gravel 
9.4 9. 7 8.8 3.6 16.1 25.0 

13.8 11.7 8.8 4.1 13.1 21.4 
17.3 12.5 8.2 3.0 11.0 15.6 
7.6 7.5 6.3 3.2 12.5 25.4 

sand 
55.3 
61.4 
70.5 
59.0 
79.2 
78.4 
75.7 
77.4 

200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 

10.5 9.1 
5.0 11.8 
9.6 12.9 

10.2 13.5 
13.3 21.5 
19.5 15.8 
13.4 14.3 
7.2 16.6 
9.2 13.5 
0.9 6.8 

11.2 14.5 
0.8 8.5 
1.5 4.0 
5.3 8.2 

7.8 5.3 3.6 1.5 7.4 11.8 
11.9 9.1 6.5 2.9 11.7 7.0 
14.2 10.1 7.8 3.3 13.7 7.3 
26.7 23.1 12.0 4.3 11.6 6.8 

12.3 16.4 17.2 11.9 
14.0 15.7 16.6 11.9 
13.1 16.3 15.5 10.6 
15.2 15.3 10.4 9.9 
14.9 11.7 7.8 7.6 
14.9 10.9 7.8 8.5 
13.8 12.7 10.9 9.5 
14.8 11.8 11.1 10.4 
13.5 12.8 15.0 10.0 
15.1 24.3 16.2 12.3 
15.8 17.1 13.7 8.9 
24.6 25.5 15.0 10.7 
12.8 19.3 20.1 17.4 
18.9 33.8 13.8 7.4 

3.1 11.2 
3.6 12.6 
2.9 11.5 
3.8 13.9 
2.9 13.3 
3.5 12.2 
3.3 14.1 
4.2 15.4 
3.5 14.3 
4.4 11.3 
2.4 10.0 
2.2 7.2 
2.8 13.4 
2.0 6.2 

19.6 66.1 
16.8 67.0 
22.4 63.2 
23.6 58.7 
34.9 48.9 
35.2 49.2 
27.7 54.9 
23.8 56.5 
22.6 59.6 
7.6 76.7 

25.7 61.8 
9.3 81.4 
5.5 78.4 

13.4 78.4 
3.9 8.3 17.0 32.0 15.5 
0.9 6.0 14.1 36.4 22.4 
4.1 13.5 22.4 25.3 11.9 

7.9 
8.3 
7.3 

8.5 
8.7 
7.8 
7.9 
6.9 
7.0 
8.0 
8.5 
8.3 
8.9 
6.3 
5.7 
8.9 
4.4 
5.5 
4.8 
5.2 

2.2 
1. 7 
2.0 

7.8 12.1 77.9 
5.5 6.8 86.0 
8.4 17.6 72.0 

DOE-RL 88-27 
Rev . 1, 01/17/90 

mud CaC03 Class 
19.7 0.6 gmS 
17.2 0.8 gmS 
13.9 1.0 (m)gS 
15.6 0.7 gmS 
8.9 0.9 (m) gS 

14.6 1.0 (gm)S 
17.0 0.9 (gm)S 
15.9 1.5 (gm)S 
14.3 0.8 (m)gS 
16.2 0.6 (m)gS 
14.3 0.6 (m)gS 
17.7 0.4 gmS 
16.3 0.4 msG 
15.6 0.4 msG 
17.4 0.3 gmS 
19.6 0.3 gmS 
17.8 0.4 gmS 
15.6 0.4 (gm)S 
12.5 0.5 (m)gS 
9.3 0.5 (gm)S 

16.1 0.8 (gm)S 
8.2 1.1 gS 

10.0 0.9 (m)gS 
7.2 0.9 (g)S 

10.4 0.8 (m)gS 
285 3.3 10.5 21.2 24.3 13.7 9.0 6.3 2.7 9.0 13.9 74.5 11.7 0.7 (m)gS 
290 0.6 3.4 11.9 41.0 23.7 7.5 4.9 1.4 5.7 3.9 88.9 7.1 0.4 s 

Well 299-E25-27 

Depth 
5 

10 
15 

Xfp Xvfp Xvcs Xcs 
0.9 2.7 6.3 15.1 
4.4 5.1 11.7 19.6 
2.8 6.4 24.4 40.5 

Xms Xfs Xvfs Xsilt X<silt gravel sand 
14.2 18.8 24.9 6.9 10.2 3.6 79.3 
14.3 13.9 18.3 5.1 7.6 9.4 77.9 
15.7 4.2 2.5 1.1 2.5 9.2 87.3 

20 4.4 
25 0.3 

5.1 28.1 43.4 12.3 3.3 1.5 
0.7 6.6 39 .7 37.3 8.1 3.5 

0.5 
1. 1 

1.3 
2.8 

9.6 88.6 
1.0 95.2 
0.7 94.8 
2 .1 89.5 
0.3 92.7 
1.3 93.0 
0.0 90.1 
0.5 92.8 
0.7 92.7 
0.3 84.3 
0.1 89.3 
1. 7 92.3 
1.4 91. 7 
3.8 86.1 

30 
35 
40 
45 
50 
55 
60 

65 
70 
75 
80 
85 

0.0 
0.5 
0.1 
0.3 
0.0 
0.0 
0.3 
0.0 
o. 1 
0.5 
0.3 
2.8 

0.7 
1.5 
0.2 
1. 1 

0.0 
0.5 
0.3 
0.3 
o. 1 
1.2 
1.1 
1.0 

3;4 26.6 41.7 16.4 6.7 
5.4 27.0 32.9 13.9 10.3 
2.4 23.7 43.0 17.1 6.6 
7.6 45.3 28.9 7.3 3.9 
0.1 14.3 53.4 15.0 7.3 
5.8 40.8 32.7 9.1 4.4 
3.4 27.7 42.3 14.3 5.1 
3.7 18.0 34.2 16.6 11.8 
1.4 13.1 35.4 28.2 11.2 
7.3 31.4 38.1 11.1 4.3 
7.7 37.4 33.7 8.2 4.6 
6.3 28.8 31.7 12.6 6.7 

APP SAl-4 

1.5 3.0 
2.7 5.8 
2.0 5.0 
1.5 4.2 
3.3 6.7 
1.8 4.9 
1.9 4.8 
5.2 10.2 
3.4 7. 1 
1.6 4.4 
1. 7 5.3 
2.6 7.5 

mud CaC03 Class 
17. 1 N/A (m)S 
12.7 N/A (gm)S 
3.5 N/A (g)S 
1.8 N/A (g)S 
3.9 N/A S 

4.5 N/A S 

8.5 N/A S 

7.0 N/A S 
5.7 N/A S 
9.9 N/A S 

6.6 N/A S 
6.7 N/A S 

15.4 N/A (m)S 
10.5 N/A (m)S 
6.0 N/A S 
6.9 N/A S 

10.1 N/A (m)S 

• 

• 



• 

00 

, . 

• 

\Jell 299·E25·27 

Depth Xfp 

90 4.1 
95 o.o 

100 0.1 
105 0.0 
110 
115 
120 
125 
130 
135 

140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 

0.0 
0.0 
1.0 
0.0 
3.2 
0.0 
0.0 
0.1 
1.4 
o.o 
0.0 
1.8 
8.1 

14.5 
7.9 

10.3 
6.9 

17.8 
0.8 
1. 7 
9.0 
0.0 
0.5 

10.0 
7.3 
0.5 
1.2 

10.1 

DOE/RL 88-27 
Rev. 1, 01/17/90 

%vfp 
0.7 
0.5 
0.2 
0.1 

%vcs 
5.4 
2.6 
1.6 
0.7 

%cs 
34.5 
13.7 
14.5 
16.7 

%ms 

35.1 
42.8 
53.6 
36.8 

Xfs 

9.1 
24.1 
20.3 
20.8 

%vfs %silt %<silt gravel 
4.6 1.7 4.9 4.8 
7.7 2.5 6.1 0.5 
5.1 1.4 3.3 0.3 

sand 
88.6 
91.0 
95.1 
91.0 

nud CaC03 Class 
6.6 N/A S 

8.5 N/A S 

4.7 N/A S 
9.0 N/A S 16.0 4.7 4.3 0.1 

0.0 0.9 10.3 36.4 26.0 16.1 
0.1 0.1 5.1 32.1 33.9 18.4 
0.1 0.8 2.4 20.9 37.4 17.4 
0.1 1. 0 9.5 39.1 26.1 12.8 
2.7 5.9 26.0 31.6 12.8 6.9 
0.4 5.5 44.8 33.8 7.8 3.5 
0.2 1.2 10.5 33.1 28.1 16.2 
1.8 7.3 36.0 35.4 10.1 4.4 
4.8 13.7 32.3 26.4 10.1 5.2 
0.5 2.6 11.4 42.4 31.5 7.1 
0.3 7.1 24.4 24. 7 20.0 11.1 
4.1 9.7 22.9 25.0 17.0 9.3 

16.9 
19.3 
19.7 
26.7 
23.6 
27.4 
8.2 
7.8 

24.4 
1.3 
2.4 

18.0 
20.9 
8.9 
9.4 

13.4 

14.5 20.9 13.2 
17.3 13.4 10.3 
18.4 16.2 11.3 
24.3 10.6 6.2 
27.5 16.5 7.5 
18.1 10.1 7.5 
28.9 27.2 12.6 
18.5 22.5 16.9 
20.2 15.0 8.0 
6.4 25.4 32.5 
8.4 21.4 25.1 

16.1 16.6 10.8 
14.8 11.0 10.1 
18.8 20.3 16.5 
24.7 20.9 16.6 
13.0 22.7 14.8 

9.3 
7.3 
7.6 
5.6 
5.4 
4.9 
8.3 

12.2 
6.9 

17.2 
19.7 
8.9 
9.0 

11.6 
9.4 
9.3 

6.8 
6.3 
6.3 
4.6 
4.4 
3.9 
5.9 
8.2 
5.6 
7.6 

10.0 
7.6 
8.0 
8.5 
6.3 
6.5 

4.7 5.6 
5.1 5.2 
6.1 14.0 
4.5 7.0 
4.6 6.4 
1.2 3.1 
4.3 6.5 
1.4 3.6 
1.9 4.3 
1.5 3.0 
4.1 8.3 
3.2 6.9 

0.0 89.7 10.3 N/A (m)S 
0.1 89.6 10.3 N/A (m)S 
1.1 78.8 20.1 N/A mS 
0.1 88.5 11.4 N/A (m)S 
5.9 83.2 10.9 N/A (gm)S 
0.3 95.4 4.3 N/A S 
0.2 89.1 10.7 N/A (m)S 
1.9 93.1 4.9 N/A S 
6.2 87.7 6.2 N/A (g)S 
0.5 95.0 4.5 N/A S 
0.3 87.3 12.4 N/A (m)S 
5.9 84.0 10.1 N/A (gm)S 

2.8 
2.3 
2.9 
2.2 
2.1 
1.9 
2.3 
3.0 
2.2 
2.3 
3.4 
3.4 
3.9 
3.5 
2.6 
2.7 

7.5 24.9 64.7 
9.2 33.8 54.7 

10.0 27.5 59.6 
9.5 37.0 51.4 
6.2 30.4 61.3 
8.4 45.3 44.5 
5.9 9.0 82.8 
9.0 9.6 78.4 
8.8 33.4 55.6 
7.2 1.3 89.2 
9.2 2.9 84.5 
8.8 28.0 59.9 

15.1 28.2 52.8 
11.3 9.5' 75.7 
8.9 10.6 n.9 
7.6 23.5 66.2 

10.3 N/A (m)gS 
11.5 N/A msG 
12.8 N/A (m)gS 
11. 7 N/A msG 
8.3 N/A msG 

10.3 N/A msG 
8.2 N/A (g)S 

12.0 N/A (gm)S 
11.0 N/A msG 
9.5 N/A S 

12.6 N/A (m)S 
12.1 N/A (m)gS 
19.0 N/A gmS 

14.8 N/A (gm)S 
11.5 N/A (m)gS 
10.3 N/A (m)gS 

250 2.8 11.1 15.3 18.0 18.6 14.2 8.3 2.8 8.8 13.9 74.4 11.6 N/A (m)gS 
255 
260 
265 
270 
273 

275 
280 
285 
290 
295 
300 

21.1 
1.7 
3.7 
0.5 
0.4 
0.2 
0.2 
0.9 
0.3 
0.0 
1.5 

16.0 
12.0 
9.4 
1.2 
3.8 
2.5 
0.6 
3.0 
1.4 
0.9 
2.6 

8.8 12.4 
15.6 15.2 
18.3 18. 7 
4.3 13.6 
8.6 19.6 
9.5 27.8 
5.3 37.5 
9.2 36.9 
1.6 6.5 
4.9 15.9 

18.2 9.4 5.9 
19.2 12.7 8.7 
15.4 11.5 8.4 
15.6 40.1 10.5 
18.5 26.3 9.8 
19.8 17.8 9.1 
27.6 11.2 6.8 
25.0 10.0 6.3 
19.9 28.1 21.4 
16.8 16 .8 15.3 

2.3 
3.5 
3.4 
3.6 
3.2 
3.5 
2.6 
2.3 
6.3 
6.3 

6.0 37.1 54.6 
11.4 13.7 71.4 
11.4 13.1 n.2 
10 . 7 1.6 84.1 
9.8 4.2 82.8 
9.7 2.7 84.1 
8.2 0.8 88.4 
6.7 3.8 87.2 

14.6 1.6 n.5 
23.2 0.9 69.7 

8.3 N/A msG 
14.9 N/A (m)gS 
14.8 N/A (m)gS 
14.3 N/A (m)S 
12.9 N/A (m)S 
13.2 N/A (m)S 
10.8 N/A (m)S 
9.0 N/A S 

20.9 N/A mS 
29.5 N/A mS 

7.8 20.9 26.4 15.7 9.8 3.7 11.6 4.2 80.5 15.3 N/A (m)S 

APP 5Al- 5 
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\Jell 299·E25·28 

Depth %fp %vfp 
5 0.3 0.5 

10 0.2 1.4 

%vcs 
3.3 
8.6 

Xcs 
12.1 
61.6 

):ms 

19.8 
17.6 

Xfs 
24.0 
4.9 

%vfs Xsilt %<silt gravel 
25.8 6.3 7.9 0.8 

sand 
85.0 
95.5 2.9 1.0 1.8 

15 0.0 0.0 0.2 0.5 22.1 41.3 28.5 4.0 3.4 
20 3.4 3.6 12.7 40.0 29.6 5.6 2.6 0.8 1.7 
25 1.9 4.2 16.5 42.1 27.8 4.3 1.5 0.5 1.4 
30 0.0 0.9 4.7 30.5 48.2 8.9 3.6 1.0 2.2 
35 0.3 0.4 4.4 26.6 45.4 15.6 4.2 1.1 2.1 
40 1.4 0.9 8.5 40.5 35.2 7.4 3.1 0.9 2.2 
45 0.0 0.2 3.9 41.0 45.9 5.9 2.0 0.6 0.5 
so 0.0 0.1 0.4 12.6 66.9 15.5 4.1 0.3 0.2 
55 0.0 0.2 3.9 40.4 46.7 5.6 1.8 0.5 1.0 
60 0.0 0.1 0.1 9.0 47.0 29.1 8.1 2.1 4.5 
65 0.1 0.3 1.2 14.0 66.5 11.9 3.1 0.9 2.1 
70 1.3 6.0 11.2 26.5 37.9 11.2 3.2 0.9 1.9 

1.6 
0.0 92.6 
7.0 90.5 
6.0 92.1 
0.9 95.9 
0.7 96.2 
2.3 94.7 
0.2 98.7 
0.1 99.5 
0.2 98.3 
0.1 93.3 
0.3 96.7 
7.3 90.0 

75 9.8 12.4 23.8 22.1 19.1 6.1 3.3 1.1 2.3 22.2 74.4 
80 4.5 18.0 34.6 28.2 10.0 2.4 1.1 0.3 0.8 22.4 76.4 
85 7.2 22.6 38.2 19.7 10.1 1.4 0.4 0.1 0.5 29.8 69.7 
90 6.6 20.6 36.9 22.6 8.3 2.3 1.2 0.4 1.1 27.2 71.3 
95 2.0 8.7 29.4 38.1 13.6 3.5 1.9 0.6 2.1 10.8 86.5 

100 9.8 12.0 32.5 32.0 7.6 2.1 1.4 0.5 2.1 21.8 75.5 
105 
110 
115 
120 

0.3 1.6 23.8 45.3 18.9 5.0 2.3 0.8 2.0 1.8 95.4 
1.7 8.7 33.8 37.3 12.0 3.0 
2.1 7.1 30.2 40.6 13.0 3.2 
5.4 7.4 36.7 34.7 9.0 2.9 

\Jell 299·E25·29 

1.4 0.5 1.7 10.4 87.4 
1.7 0.5 1.6 9.2 88.7 
1.7 0.7 1.6 12.8 84.9 

DOE/RL 88-27 
Rev. 1, 01/17/90 

nu:! CaC03 Class 
14.2 N/A (m)S 
2.9 N/A S 
7.4 N/A S 

2.5 N/A (g)S 
1.9 N/A (g)S 
3.2 N/A S 
3.2 N/A S 
3.1 N/A S 

1.1 N/A S 
0.5 N/A S 

1.5 N/A S 

6.6 N/A S 

2.9 N/A S 
2.8 N/A (g)S 
3.4 N/A gS 
1.1 N/A gS 
0.5 N/A gS 
1.5 N/A gS 
2.7 N/A gS 
2.7 N/A gS 
2.8 N/A s 
2.2 N/A gS 
2.1 N/A (g)S 
2.2 N/A gS 

Depth Xfp 
5 0.00 

10 3.62 
15 13.40 
20 15.95 
25 4.42 
30 2.08 
35 0.20 
40 0.41 

%vfp %vcs Xcs Xms %fs %vfs Xsilt %<silt gravel sand nu:! CaC03 Class 
0.20 3.87 11.26 31.68 24.42 15.60 5.43 7.53 0.20 86.84 12.96 1.2 (m)S 
7.03 20.96 29.69 12.83 9.08 10.44 2.87 3.48 10.65 83.00 6.35 0.6 gS 
6.36 16.20 29.19 13.94 6.63 6.15 2.05 6.08 19.75 72.11 8.13 0.8 (m)gS 
3.42 8.98 28.55 19.77 10.19 6.37 2.41 4.36 19.37 73.86 6.77 1.3 gS 
2.92 8.22 32.13 25.75 12.91 7.34 2.45 3.87 7.34 86.35 6.32 1.3 (g)S 
1.08 5.45 41.43 27.64 11.63 6.52 2.49 1.68 3.16 92.67 4.17 1.4 S 
0.74 5.09 47.86 29.69 7.84 4.09 1.47 3.02 0.94 94.57 4.49 1.3 S 
0.54 3.46 24.27 37.42 17.49 7.73 2.71 5.97 0.95 90.37 8.68 1.0 S 

45 0.00 0.68 6.12 51.39 30.59 7.48 2.18 0.68 0.88 0.68 97.76 1.56 0.7 S 
so 1.10 0.55 
55 0.20 0.61 
60 14.95 0.41 
65 0.00 0.22 
70 0.00 0.14 
75 0.00 0.13 

5.51 35.51 32.35 12.66 5.64 2.27 4.40 1.65 91.67 6.68 
7.66 39.86 30.51 9.36 5.08 2.03 4.68 0.81 92.47 6.71 
2.87 20.14 32.63 12.56 6.62 2.94 6.89 15.36 74.81 9.83 
3.34 30.70 45.79 10.60 5.01 2.03 2.32 0.22 95.43 4.35 
1.80 10.10 43.22 29.81 8.30 2.63 4.01 0.14 93.22 6.64 
0.67 5.70 42.28 39.60 6.71 1.81 3.09 0.13 94.97 4.90 

0.9 S 

0.9 S 

1.2 (m)gS 
1.1 S 
1.5 s 
1.0 S 
1.8 S 
1.5 S 

1.5 S 
2.2 S 

2.1 S 

80 0.00 
85 0.14 
90 0.34 
95 0.00 

100 0.00 

0.39 3.26 14.02 44.85 20.99 8.02 3.26 5.22 
0.49 4.38 22.96 42.73 16.63 6.61 2.23 3.83 
0.34 3.03 19.76 33.38 26.84 8.56 2.76 4.99 
0.68 2.73 14.96 35.04 27.05 11.20 3.62 4.71 
0.48 3.31 15.30 43.90 23.78 7.58 2.21 3.45 

APP SAl-6 

0.39 91.13 8.47 
0.63 93.32 6.05 
0.67 91.57 7.75 
0.68 90.98 8.33 
0.48 93.87 5.65 

• 

• 



• 

• 

DOE/RL 88-27 
Rev. 1, 01/ 17 /90 

\Jell 299-E25·29 

Depth %fp %vfp 

105 0.00 0.00 

110 0.20 0.67 

%vcs %cs %ms %fs %vfs %silt %<silt gravel sand mud CaC03 Class 
1.42 34.IT 29.37 8.31 13.44 8.58 4.12 0.00 87.31 12.69 1.2 (m)S 

3.55 41.38 39.17 10.26 2.82 0.67 1.27 0.87 97.18 1.95 1.2 S 
115 2.16 

120 o. 76 
125 0.84 

5.26 5.74 13.09 39.41 25.78 5.06 1.35 2.16 7.42 89.07 3.51 

2.22 8.74 37.52 35.71 10.06 3.40 0.69 0.90 2.98 95.42 1.60 
5.92 25.40 44.40 17.40 3.83 1.32 0.35 0.56 6.75 92.35 0.90 

130 0.07 0.54 1.36 3.80 13.59 14.67 28.74 16.92 20.31 0.61 62.16 37.23 
135 0.28 1.n 23.69 47.38 17.89 5.02 1.98 0.11 1.21 2.05 95.97 1.98 

140 0.61 3.86 17.25 40.60 28.28 6.09 1.83 0.54 0.95 4.47 94.05 1.49 

145 1.99 7.01 22.68 44.19 18.28 3.85 1.10 0.34 0.55 9.00 90.10 0.89 
150 0.00 

155 0.54 
1.00 16.70 39.52 27.72 11.09 2.70 0.50 0.78 

1.48 10.48 44.33 26.60 8.60 4.03 1.41 2.55 
1.00 97.73 

2.01 94.02 
1.28 

3.96 
160 1.68 10.61 37.74 35.86 8.39 2.69 1.28 0.54 

165 0.82 6.59 28.78 44.99 11.47 3.43 1.72 0.69 
170 3.30 7.85 29.11 39.23 14.11 3.30 1.51 0.55 

175 13.18 31.37 32.45 11.56 4.53 2.43 1.83 0.81 

1.21 12.29 85.96 1.75 
1.51 7.42 90.38 2.20 

1.03 11.15 87.27 1.58 

1.83 44.56 52.81 2.64 
180 44.90 17.69 23.63 9.99 2.30 0.68 0.34 

185 3.40 22.38 47.07 18.03 4.63 1.90 1.09 

190 1.22 5.56 30.53 40.50 14.52 4.41 1.56 

195 7.92 3.86 25.71 44.52 12.79 3.04 1.15 
200 18.90 9.18 21.11 23.86 14.08 6.43 3.02 

205 17.57 2.26 3.81 12.28 28.86 20.25 7.76 

210 14.32 16.00 16.21 14.88 10.81 8.28 6.39 

0.14 0.34 62.59 36.93 0.47 

0.48 1.02 25.78 72.72 1.50 

0.54 1.15 6.78 91 . 52 1.70 
o.41 0.61 11.n 81.21 1.01 

1.07 2.35 28.08 68.50 3.42 
2.47 4.73 19.83 72.97 7.20 

3.51 9.61 30.32 56.56 13.12 

1. 7 (g)S 

0.9 s 
0.8 (g)S 

1.2 mS 
1.0 S 

1.3 s 
1.0 (g)S 

1.2 s 
1.2 s 
1.1 gS 
1.1 (g)S 

1.1 gS 

1.1 sG 

1.0 sG 

0.7 gS 

0.9 (g)S 

0.9 gS 
1.1 gS 

1.1 gS 

0.6 msG 
215 26.58 12.75 11.79 11.11 9.00 7.IT 6.27 3.68 11.04 39.33 45.94 14.72 0.6 msG 
220 18.34 19.82 13.40 10.08 8.80 

225 15.04 19.50 14.35 12.26 8.36 

230 22.53 24.91 18.43 11.60 5.94 

235 3.92 19.53 18.18 16.42 11.28 
240 24.13 17.76 12.06 12.00 8.98 

245 42.36 14.01 9.54 7.07 5.34 

250 42.75 12.71 8 . 60 6.09 8.54 

255 31.90 14.n 12.48 10.40 7.35 

7.37 6.63 

6. 75 6.13 

4.44 3.69 

8.45 6.62 
6.n 5.76 

4.67 4.67 

4.57 4.57 

5.96 5.20 

3.92 11.64 38.16 46.28 15.56 

3.83 13.79 34.54 47.84 17.62 
2.18 6.28 47 . 44 44.10 8.46 

3.72 11.89 23.45 60.95 15.61 

3.35 9.18 41.89 45.58 12.53 

3.14 9.21 56.37 31.29 12.34 

2.85 9.33 55.46 32.36 12 . 18 

3.26 8.67 46.67 41.40 11.93 

0.5 msG 
0.4 msG 
0.3 msG 
0.3 gmS 

0.4 msG 
0.4 msG 
0.3 msG 
0.4 msG 

260 2.n 12.73 14.22 14.65 12.09 11.02 9.82 5.26 17.43 15.50 61.81 22.69 o.4 gmS 
265 2.17 15.98 16.63 16.27 11.79 9.83 9.47 5.21 12.65 18.15 63.99 17.86 0.4 gmS 
270 43.87 11.72 10.05 7.64 6.50 

275 24.39 19.67 17.94 10.30 6.71 

280 10.44 15.46 16.75 16.54 10.78 

285 9 . 38 22.03 23.45 17.77 9.74 

5.36 4.49 2.41 7.97 55.59 34.03 10.38 

6.38 4.58 3.06 6.98 44.05 45.91 10.03 
7.73 7.05 3.39 11.86 25.90 58.85 15.25 

5.47 3.91 1.99 6 . 25 31.41 60.34 8.24 
290 26.55 24.10 17.41 11.81 

295 · 20.48 33.58 20.28 10.61 

5.87 4.03 3.21 

4.16 2.89 3.02 

1.91 

1. 75 
1.51 

1.53 

1.n 
2.05 

5.12 50.65 42.32 7.03 

3.22 54 . 06 40 .97 4.97 
300 10.78 38.33 23.87 10.85 4.47 

305 2.18 8.44 24.00 37.02 13.31 

310 22.82 21.25 17.03 15.05 8.86 

315 2.32 7.51 31.42 30.94 10.59 

3.22 2. 70 

5. 75 3.42 
5.04 3.54 

5.33 4.51 

4.27 49.11 45 . 10 

4.36 10.62 83 . 49 
4.63 44.07 49.52 

5.33 9.84 82.79 

5.79 

5.89 

6 . 40 

7.38 
320 2.65 17.23 26.26 21.23 12.35 7.26 4.88 2.04 6.11 19.88 71.98 8.14 

325 0.00 0.00 0.67 13.29 56.34 17.14 5.13 1.96 5.47 0.00 92.58 7.42 
330 4.50 15.04 24.65 22.83 16.86 6.04 3.43 1.68 4.97 19.54 73.81 6.65 

APP 5Al-7 

0.4 msG 
0.3 msG 
0.4 gmS 

0.5 msG 
0.5 msG 
0.5 msG 
0.4 msG 
0.5 gS 

0.5 msG 
0.3 (g)S 

0.3 (m)gS 

0.3 S 

0.3 gS 



Well 299· E25·30 

Depth Xfp Xvfp 
5 2.6 3.2 

10 17.0 7.3 
15 2.8 4.2 
20 4.9 2.3 
25 1.9 1.3 
30 0.0 0.9 
35 4.1 0.8 
40 0.0 0.7 
45 0.5 2.6 
50 0.1 0.5 
55 

60 
65 

70 
75 
80 
85 
90 

95 

3.2 
0.8 
0.1 
1.3 
1.2 
4.0 
0.3 
0.1 
0.4 
2.0 

Xvcs 
9.7 

26.3 
19.5 
14.2 
5.9 
0.4 
2.7 
0.3 
5.2 
2.5 

Xcs 

12.0 
30.3 
31.7 
53.5 
40.7 

1.0 
28.7 
5.1 

26.1 
21.6 

Xms 

9.1 
9.5 

14 .8 
14.4 
30.7 
13.9 
33.1 
44.6 
29.0 
32.7 

Xfs 
13.7 
4.2 

11. 7 
4.5 

10.8 
44.7 
13.6 
24.4 
15.3 
17.3 

7.7 26.6 22.4 13.2 
3.7 27.3 30.6 27.3 
2.8 22.3 37.5 16.2 
3.4 22.8 32.0 28.8 
3.8 23.1 35.1 14.1 
5.7 13.0 25.4 32.8 
2.3 13.4 43.4 25.0 
0.8 16.4 57.6 20.8 
2.9 12.3 30.0 22.7 
5.2 14.0 33.5 31.9 

Xvfs Xsilt X<silt gravel 
15.8 9.5 24.4 5.7 

sand 
60.3 
72.7 
85.0 
89.1 
91.9 
86.1 

85.9 
87.0 
84.9 

84.9 

2.3 0.9 
7.3 3.4 
2.6 1.1 
3. 7 1.5 

26.3 6.4 
7.8 2.6 

12.6 4.3 
9.3 3.8 

10.8 4.7 
9.2 
0.1 
9.4 
0.3 
8.6 
0.2 
7.7 

0.1 
9.8 
0.1 

2.1 24.3 
4.6 7.0 
2.6 7.2 
3.5 3.1 
6.6 0.9 
6.5 4.9 
8.0 0.7 
8.3 3.1 
9.9 0.5 

6.4 79.0 
0.9 89.0 
0.3 88.1 
2.2 87.4 
2.3 84.7 

9.5 77.1 
0.3 91.8 
0.1 95.8 

10.0 77.7 
5.7 84.8 

DOE-RL 88-27 
Rev. 1, 01 / 17/90 

rrud CaC03 Cl ass 
33.9 2.8 (g)mS 
3.0 0.5 gS 
8.0 0.6 (g)S 
3.7 0.6 Cg)S 
5.0 0. 1 S 

13.0 1.1 (m)S 
9.2 1.2 S 

12.3 1.2 (m)S 
12.0 1. 5 (m)S 
14.6 0.9 (m)S 
14.6 1.7 (m)(g 
10.1 1.5 Cm)S 
11.6 1.2 (m)S 
10.4 0.8 (m)S 
13.0 1.2 (m)S 
13.5 0.8 (m)(g 
8.0 2.1 S 

4.1 0.7 S 

12.3 0.8 (m)(g 
9.5 1.0 Cm)(g 100 

105 
110 
115 
120 
125 
130 
135 
140 
145 
150 

3.1 
0.1 
0.2 
0.9 
1.1 
5.5 
0.0 
0.0 
9.5 
3.7 
0.5 
0.2 
0.1 
0.1 
0.4 
0.1 
0.3 
1.1 
0.0 
0.0 

1.8 3.2 12.9 18.8 50.8 0.0 
0.9 5.0 21.4 41.3 15.4 7.1 
1.0 4.0 18.1 48.4 17.0 6.0 
1.2 4.9 15.4 41.5 24.2 7.0 
1.5 4.6 17.1 38.3 33.2 1.2 
0.3 0.8 4.5 29.9 41.4 12.7 
2.1 25.2 36.9 15.3 7.5 4.8 

4.1 10.5 
0.2 9.9 
2.7 8.9 
0.6 9.8 
3.8 9.2 
0.6 12.9 
2.7 5.3 
0.4 3.7 
3.8 8.5 
0.6 8.8 

0.0 12.1 
2.9 6.0 
2.2 3.4 
2.1 3.6 
0.9 2.8 
3.7 6.6 
2.3 5.6 

2.2 85.6 12.1 2.4 (m)S 
1.0 90.1 8.8 1.4 S 
1.0 93.4 5.6 1.6 S 
1.3 93.0 5.7 1.5 S 
1.9 94.4 3.7 1.1 S 
0.4 89.3 10.3 2.1 (m)S 
2.4 89.7 7.9 0.8 S 

1.7 6.3 - 30.1 35.4 11.6 5.7 2.4 5.6 
1.8 16.6 46.1 18.7 7.1 3.9 1.6 4.2 
0.6 3.6 14.6 40.0 33.4 1.7 0.3 5.9 

2.8 89.2 
1.8 92.4 
0.6 93.3 

8.0 0.7 S 
5.8 1.6 S 
6.1 2.1 S 

4.2 1.5 S 
3.5 0.9 S 

6.1 1.2 msG 
3.3 1.3 sG 
1.6 0.9 gS 
6.7 0.6 msG 

155 0.3 1.7 6.7 20.5 33.1 33.4 0.2 
160 0.1 1.7 9.8 35.1 33.1 16.5 0.2 
165 25.1 19.3 - 14.2 16.0 10.7 5.3 3.2 
170 31.9 27.3 19.4 10.8 4.0 1.9 1.4 
175 3.8 8.9 9.7 
180 25.0 20.8 18.7 
185 15.7 19.2 14.2 
190 19.6 17.1 14.7 
195 24.8 22.2 14.8 
200 10.0 15.3 18.9 
205 22.1 25.2 18.2 
210 13.0 14.6 14.8 
215 35.4 16.5 11.0 
220 20.7 15.9 12.5 
225 12.2 15.9 14.5 
230 8.2 17.0 17.6 
235 24.0 14.2 9.4 
240 32.0 13.3 9.3 
245 20.0 18.8 12.0 
250 13.3 13.3 12.5 
255 13.6 16.2 14.6 

19.5 21.1 25.3 10.1 
13.8 6.8 4.6 3.5 
13.5 10.1 7.3 6.1 
11.9 9.6 15.7 4.8 
9.4 7.9 12.0 0.8 

18.2 14.8 9.5 4.9 
9.8 5.8 5.4 4.5 

13.7 12.2 18.7 11.6 
7.6 6.6 6.1 5.5 
9.3 8.8 18.4 0.3 

13.0 11.7 18.9 0.4 
16.4 11.9 17.0 9.5 
8.9 9.3 9.6 8.4 
9.1 7.1 7.6 
9.6 9.6 17.3 

12.5 11.9 10.2 
11.5 8.9 19.2 

7.2 
0.1 
8.9 
0.0 

APP SAl-8 

0.2 4.0 2.0 93.8 
0.1 3.3 1.9 94.7 
1.7 4.4 44.4 49.5 
1.3 2.0 59.2 37.5 
0.1 
1. 7 
3.9 
1.0 
0.1 
2.1 
2.4 
0.1 
3.3 
0.0 
0.0 
0.0 
4.5 

1.5 12.7 85.7 
5.0 45.9 47.4 

10.0 34.9 51.2 
5.6 36.8 56.6 
8.0 47.0 44.9 
6.3 25.3 66.3 
6.7 47.3 43.6 
1.3 27.6 71.0 
7.9 52.0 36.8 

14.1 36.6 49.3 
13.6 28.0 58.4 
2.3 25.2 72.5 

11.6 38.2 45.7 

13.9 0.5 msG 
6.6 0.6 msG 
8.1 0.6 msG 
8.4 0.4 (m)gS 
9.1 0.1 msG 
1.4 0.2 gS 

11.2 0.3 msG 
14.1 0.3 msG 
13.6 0.3 (m)gS 
2.3 0.4 gS 

16.1 0.1 msG 
3.7 10.8 45.3 40.2 14.5 0.2 msG 
0.1 12.4 38.8 48.7 12.5 0.2 msG 
4.8 12.5 26.6 56.1 17.3 0.2 gmS 
0.0 16.0 29.8 54.2 16.0 0.2 gmS 

• 

• 



• 
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\./ell 299·E25·30 

Depth Xfp 

260 8.5 

265 5.5 

%vfp 

14.7 

19.4 

%vcs 

16.3 

15.7 

Xcs 

13.5 

12.6 

%ms 

12.2 

11.4 

Xfs 

19.9 
9.9 

Xvfs %silt X<silt gravel 

0.3 0.1 14.4 23.2 
8.1 5.1 12.4 24.8 

sand 

62.2 

57.7 

DOE/RL 88-27 
Rev. 1, 01/17/90 

nud CaC03 Class 
14.6 0.3 (m)gS 

17.5 0.3 gmS 

270 
275 

280 
285 

290 

2.3 

1.5 

2.6 
1.8 

0.3 

7.2 
4.5 

2.5 
4.1 

2.2 

16.4 16.9 14.5 24.3 

12.2 18.1 15.9 ,27.7 
11.4 34.8 18.7 19.2 

14.0 43.8 16.8 6.5 

10.2 46.2 21.9 8.3 

4.6 

3.2 
0.4 

4.6 

4.7 

1.8 

5.9 
8.0 

4.8 
1.4 

0.7 
4.2 

0.1 

0.1 

0.0 

2.4 

1.9 

0.3 
2.4 

2.6 

2.2 
1.0 

0.5 
1.9 

13.6 

16.7 
10.4 

6.1 

4.3 

9.5 76.8 13.7 

6.0 77.2 16.8 

5.1 84.4 10.4 

5.9 85.7 8.5 

2.5 91.3 6.2 

0.2 (m)(g 

NA (m)(g 

0.6 (m)(g 

0.7 (g)S 

0.7 S 

295 0.0 

300 3.2 

395 0.0 
310 0.3 

315 48.5 

323 18.0 
330 3.2 

\./ell 299·E25·31 

1.5 8.5 36.2 22.8 19.7 
2.4 8.7 37.4 23.7 10.9 

0.2 1.4 13.3 44.2 24.6 

0.7 9.6 38.3 27.7 11.1 
28.5 9.4 5.2 1.8 1.5 

12.1 16.8 21.4 13.4 13.1 

17.9 27.5 22.2 11.2 6.9 

9.2 1.5 89.1 

5.5 5.7 86.5 

5.7 0.2 91.5 
5.3 1.0 91.5 

2.7 77.0 19.3 
4.1 30.0 65.3 

5.1 21.1 72.0 

9.4 0.6 S 

7.8 0.4 (g)S 

8.3 0.4 S 

7.5 0.3 S 

3.7 0.6 msG 
4.7 0.3 sG 
6.9 0.3 gS 

Depth Xfp Xvfp %vcs Xcs %ms %fs Xvfs %silt %<silt gravel sand nud CaC03 Class 

5 0.40 1.45 7.47 24.65 21.94 15.53 13.09 4.56 10.91 1.85 82.68 15.47 1.1 (m)S 

~ 10 3.76 11.50 34.36 35.25 5.75 2.67 2.19 1.37 3.15 15.26 80.22 4.52 0.3 gS 
15 1.95 8.90 45.38 34.95 4.17 1.11 1.04 0.63 1.88 10.84 86.66 2.50 0.5 gS 

20 5.88 4.11 31.02 40.01 9.35 4.75 2.12 0.99 1.77 9.99 87.25 2.76 1.0 (g)S 

25 4.92 11.20 34.63 36.27 7.51 2.87 1.37 0.48 0.75 16.12 82.65 1.23 1.4 gS 

30 

35 
40 

45 

50 

2.99 5.98 26.13 40.61 18.39 3.45 1.30 0.38 

7.29 2.43 6.44 38.76 32.81 5.71 3.04 1.46 

0.77 1.44 9.62 23.08 29.62 18.08 8.37 3.08 

2.76 4.00 21.22 35.20 23.79 6.66 2.85 1.05 

3.73 1.33 10.20 43.12 31.23 5.68 2.04 0.89 

0.77 8.97 89.89 1.15 

2.07 9.72 86.76 3.52 

5.96 2.21 88.75 9.04 

2.47 6.76' 89.72 3.52 

1.77 5.06 92.28 2.66 

1.5 (g)S 

0.6 (g)S 

0.7 S 

1.0 (g)S 

0.8 (g)S 

55 8.89 1.19 8.21 39.71 30.91 5.50 2.37 0.93 2.29 10.08 86.71 3.22 0.8 gS 

60 0.61 1.63 3.74 28.37 43.95 13.13 4.69 1.70 2.18 2.24 93.88 3.88 1.0 S 
65 0.00 0.35 1.82 23.55 55.36 12.82 3.15 1.05 1.89 0.35 96.71 2.94 1.0 S 

70 0.00 0.13 3.36 21.17 41.73 21.71 6.38 2.08 3.43 0.13 94.35 5.51 1.0 S 

75 
80 
85 

90 

95 

100 

105 
110 

0.53 
0.00 

0.00 
1.03 

0.41 

2.03 

0.60 

3.05 

0.87 

0.71 

0.34 

1.16 

0.68 

3.71 

1.34 

3.96 

5.28 25.05 39.01 15.76 6.48 2.67 4.34 

3.33 24.61 46.45 13.90 5.60 1.91 3.48 

1.84 13.96 41.96 23.16 9.67 3.20 5.86 

5.20 19.56 35.36 19.77 9.10 3.56 5.27 

7.01 35.37 26.33 15.31 9.39 3.06 2.45 
4.19 16.88 36.06 20.19 8.78 3.24 4.93 

9.40 34.65 40.23 9.20 2.35 0.74 1.48 

5.34 20.82 43.72 14.02 4.37 1.53 3.19 

1.40 91.58 
0.71 93.90 

0.34 90.60 

2.19 88.99 

1.09 93.40 

5.74 86.09 

1.95 95.84 
7.01 88.27 

115 2.99 5.83 22.74 28.43 23.31 

120 10.21 31.83 38.93 12.86 2.85 

125 1.35 8.33 24.24 44.28 15.03 

130 5.87 13.29 25.38 25.87 16.43 
135 6.13 13.80 30.98 35.42 10.37 

140 0.34 18.82 62.56 12.94 2.67 

9.88 3.20 
0.99 1.26 

3.32 1.29 

6.50 3.50 

1.68 0.67 

1.16 0.55 

2.48 1.00 

4.87 1.42 

1.35 
0.27 

1.15 

1.33 
0.27 

0.27 

0.40 

0.34 

2.27 8.81 87.56 
0.80 42.04 56.90 

1.02 9.68 88.15 
1.82 19.16 77.69 

0.67 19.93 79.12 

0.68 19.16 79.88 

1.00 8.57 90.02 

0.54 6.36 92.76 
145 1.21 

150 0.61 

7.37 34.43 40.52 11.59 

5.75 32.21 36.33 17.93 

APP 5Al-9 

7.01 

5.39 

9.06 

8.82 

5.51 
8.17 
2.22 
4.n 
3.62 

1.06 
2.17 

3.15 
0.94 

0.96 

1.41 

0.88 

1.6 s 
1.4 S 

2.5 S 

2.6 S 

1.0 S 

1.1 (g)S 

0.7 S 

1. 1 (g)S 

1.2 (g)S 

0.7 sG 
0.7 (g)S 

0.8 gS 

1.3 gS 

0.9 gS 

1.0 (g)S 

1.0 (g)S 



N 

i',. 

IJell 299·E25·31 

Depth Xfp Xvfp Xvcs Xcs %ms 
155 0.00 8.55 42.62 35.64 8.98 
160 1.01 7.76 36.09 44.21 8.27 
165 2.n 11.01 37.31 40.28 6.ss 
170 0.14 2.79 28.82 54.38 10.20 
175 0.00 1.02 44.84 48.64 4.21 

Xfs Xvfs Xsilt X<silt gravel sand 
2.64 0.86 0.29 0.43 8.55 90.73 
1.s8 o.so 0.22 o.36 8.n 90.65 
1.08 0.40 0.20 0.34 13.83 85.63 
1.63 1.16 0.27 0.61 2.92 96.19 
0.68 0.20 0.14 0.27 1.02 98.57 

DOE/RL 88-27 
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rwd CaC03 Class 
O. 71 0.9 (g)S 
0.58 1.1 (g)S 
0.54 1.0 gS 
0.88 1.2 S 
0.41 0.6 S 

180 32.12 61.87 1.49 0.34 0.68 0.88 0.74 0.47 1.42 93.98 4.12 1.89 1.0 G 
185 5.01 27.75 54.05 11.68 0.89 
190 20.54 23.57 37.04 13.13 3.03 
195 11.67 17.67 40.67 23.01 4.55 
200 5.30 6.55 39.95 27.31 7.53 
205 29.57 42.67 18.95 3.97 2.15 
210 40.29 23.93 21.14 10.71 2.14 

0.21 0.14 0.07 0.21 32.76 66.96 
1.28 0.61 0.27 0.54 44.11 55.08 
1.19 0.59 0.26 0.40 29.33 70.01 
4.52 2.88 1.44 4.52 11.85 82.19 
1.08 0.67 0.34 0.60 72.24 26.81 
0.57 0.36 0.21 0.64 64.21 34.93 

215 40.33 22.97 13.36 12.19 5.67 2.03 1.11 0.49 
220 10.47 14.04 55.91 13.84 2.03 0.88 0.88 0.54 
225 0.54 0.81 44.53 39.81 6.07 3.10 2.70 1.08 
230 63.25 20.30 7.30 3.79 2.06 1.03 0.69 0.41 
235 52.31 17.01 18.55 9.63 1.22 0.32 0.26 0.19 
248 76.47 10.92 9.66 1.43 0.42 0.34 0.25 0.17 
245 89.49 8.50 1.07 . 0.27 0.13 0.13 0.13 0.07 

1.85 63.30 34.36 
1.42 24.51 73.53 
1.35 1.35 96.22 
1.17 83.55 14.87 
0.51 69.32 29.97 
0.34 87.39 12.10 
0.20 97.99 1.74 

0.27 
0.81 
0.66 
5.96 
0.94 
0.86 
2.34 
1.96 
2.43 
1.58 
o. 71 
0.50 
0.27 

0.9 sG 
0.8 sG 
0.8 gS 
0.6 gS 
0.4 sG 
0.4 sG 
0.4 sG 
0.3 gS 
0.4 S 

0.3 G 
0.2 sG 

250 81.51 13.16 3.68 1.18 0.20 0.07 0.07 0.07 0.07 94.67 5.20 0.13 

NA G 
NA G 
NA G 
NA G 255 83.69 10.71 

260 74.n 12.41 
265 83.55 11.12 
270 53.14 12.58 
275 31.59 12.90 
280 25.39 34.48 

4.15 1.11 0.21 
7.61 3.07 0.93 
3.73 1.16 0.19 

13.58 16.86 3.27 
24.06 25.07 5.24 
0.94 14.41 19.39 

0.07 
0.47 
0.06 
0.31 
0.67 
3.n 

0.00 
0.33 
0.06 
0.06 
0.20 
0.88 

0.00 
0.13 
0.06 
0.06 
0.07 
0.13 

0.07 94.40 5.53 
0.33 87.12 12.41 
0.06 94.67 5.21 
0.13 65.72 34.09 
0.20 44.49 55.24 
0.61 59.87 39.39 

0.07 
0.47 
0.13 
0.19 
0.27 
0.74 

0.6 G 

NA G 
0.6 sG 
0.7 sG 
0.9 sG 

285 55.00 27.04 11.95 4.96 0.72 0.07 0.07 0.07 0.13 82.04 17.n 0.20 0.8 G 
290 31.28 22.35 29.56 14.15 1.79 0.33 0.20 0.07 0.26 53.64 46.03 0.33 0.6 sG 
295 37.21 14.21 26.39 17.59 3.04 
298 4.21 33.24 57.26 1.83 1.76 

0.81 0.41 0.14 
1.29 0.27 0.07 

0.20 51.42 48.24 
0.07 37.45 62.42 

IJell 299·E25·32 

Depth 
5 

10 
15 
20 
25 
30 
35 
40 
45 
so 
55 

60 
65 
70 

Xfp Xvfp Xvcs Xcs 
0.1 0.1 0.4 1.5 
2.2 10.3 28.2 30.6 
6.4 22.3 36.1 26.5 
2.7 4.3 23.5 44.3 
8.1 8.6 21.4 27.1 
2.8 1.3 4.3 43.6 
0.1 0.8 5.3 30.1 
0.3 1.7 6.1 34.6 
0.0 0.3 1.4 6.9 
0.3 5.3 17.8 32.9 
0.1 1.1 11.4 44.6 
0.0 0. 0 0.3 11.3 
0.2 0.6 7.3 49.5 
0.0 0.1 1.1 22.2 

%ms Xfs %vfs %silt %<silt gravel sand 
11.4 76.5 0.1 0.2 9.7 0.2 89.9 
7.4 7.9 7.1 2.7 3.6 12.5 81.1 
5.2 2.5 0.0 0.0 0.9 28.7 70.3 

14 .3 3.2 3.3 1.9 2.4 7.1 88.7 
13.6 8.6 5.0 1.8 5.9 16.6 75.6 
37.4 5.9 2.7 0.9 1.2 4.1 93.8 
44.0 16.7 0.2 0. 1 2.7 0.9 96.3 
36.8 10.9 4.6 1 :o 4.1 2.0 92.9 
18.7 36.4 25.5 5.0 5.7 0.3 88.9 
22.7 18.1 0.1 0.1 2.7 5.5 91.6 
21 .9 10.9 4.9 1.7 3.4 1.2 93.7 
50.1 33.7 0.2 0.2 4.2 0.0 95.6 
36.7 3. 5 0. 8 0.7 0.7 0.8 97.8 
58.6 16.6 0.0 0.1 1.3 0.1 98.5 
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0.34 
0.14 

0.7 sG 
0.7 sG 

rwd CaC03 Class 
9.9 3.6 S 

6.3 1.4 gS 
0.9 0.7 gS 
4.3 0.7 (g)S 
7.7 1.0 gS 
2.1 1.1 S 
2.8 1.1 S 
5.1 1.1 S 

10.7 1.1 (m)S 
2.9 1.2 (g)S 
5.1 1.2 S 
4.4 1.7 S 
1.4 0.9 S 
1.4 0.5 S 
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Depth 
75 
80 

85 
90 

95 

Xfp 

0.0 
0. 2 
0.0 
0.0 
0.0 
0.0 

0.0 
2.1 
1.7 
1.3 
0.3 
0.5 
0.0 
0.3 

%vfp 
1.0 

1.1 
0.1 
0.1 
0.0 
0.0 
0.1 

%vcs 
6.0 
3.8 

Xcs 
41.3 
28.0 

Xms 

39.8 
40.8 

%fs 
7.6 

21.6 

%vfs %silt %<silt gravel 
2.3 0.7 1.3 1.0 

sand 
97.0 

94.4 
94.8 
97.3 
88.6 
82.0 
90.2 
76.7 
87.4 
88.6 
90.8 
94.6 
95.0 
94.3 

rrud CaC03 Class 
2.0 0.7 S 
4.3 1.0 S 

11.0 
8.7 
7.4 
3.9 
3.5 
2.3 
2.1 

3.6 27.8 
1.8 16.3 
0.5 0. 8 
0.3 1.6 
0.7 4.8 

26.7 21.7 
34.5 33.0 
26.4 32.9 
30.1 36.0 
21.1 45.2 
21.4 55.4 
6.7 28.3 

0.1 
44.9 18.4 0.1 
58.6 17.2 3.3 
7.5 79.5 0.3 

14.9 42.2 23.0 
24.9 59.7 0.1 
12.4 9.2 6.7 
11.4 8.5 0.0 
20.4 6.2 2.6 
13.1 7.0 4.7 
19.0 9.1 0.2 
12.7 3.4 2.1 
41.3 17.6 0.3 

0.1 
0.1 
0.9 
0.2 
6.2 

0.1 
2.8 
0.1 
0.9 
2.1 
0.1 
0.9 
0.3 

4.1 
5.0 
1.7 

11.2 
11.8 

9.6 
7.4 
2.1 
1.8 
3.0 
1.3 
1. 7 
3.1 

1.3 
0.1 
0.1 
0.0 
0.0 

0.1 
13. 1 

10.5 
8.7 
4.2 
4.0 
2.3 
2.3 

5.0 
2.6 

11.4 
18.0 
9.8 

10.2 
2.1 
2.7 
5.0 
1.3 
2.7 
3.3 

1.1 S 
1.3 s 
0.9 (m)S 
0.7 (m)S 

1.8 S 
0.9 (m)gS 
0.2 gS 
0.8 (g)S 

1.1 s 
1.3 S 
1.1 S 

1.2 S 

100 
105 
110 
115 
120 
125 
130 
135 

140 
145 
150 
155 
160 

165 

170 
175 
180 
185 
190 

195 
200 
205 

210 
215 
220 
225 
230 
235 
240 

245 
250 
255 

0.7 2.2 13.6 28.3 30.6 13.2 4.1 1.3 6. 1 2.9 89.7 7.4 2.2 S 
0.3 
1.9 

13.4 
15.7 
15.8 
17.4 
22.3 
28.9 
23.0 
16.2 
10.5 
20.0 
14.4 
13.2 
15.1 
10.2 
7.9 

18.2 
29.1 
15. 1 
14.7 
18.5 

0.1 2.8 
2.7 10.3 

15.3 17.9 
21.6 22 . 3 
23.5 27.1 
27.6 27.1 
22.1 25.2 
13.0 11.1 
20 •. 4 16.6 
15.2 12.4 
11.1 12.4 
16.8 13.0 
15.8 18.1 
20.2 13.1 
15.5 12.5 
20.3 13.5 
17.0 13.4 
15.4 12.3 
19.2 11.1 
14. 7 12.3 
13.7 8.6 
19.9 10.6 

27.8 46.3 
31.9 22 . 0 
18.7 11.8 
19.6 9.1 
15.2 6. 3 
14.3 5.0 
12.8 5.0 
9.7 7.8 

10.4 7.9 
10.3 9.2 
11.7 11.1 
8.1 8.6 

18.8 12.0 
12.0 10.9 
12.1 11.3 
12.5 11.3 
12.2 11.3 
11.3 11.9 

9.2 7.8 
11.7 16.9 
7.9 21.2 
9.7 17.2 

20.1 

11.6 
17.9 
4.3 
7.9 
3.0 
7.0 
7. 0 

12.4 
8.6 

23.1 
6.9 
9. 1 

18.5 
9 . 0 

18.3 
9.8 

15.4 

6.4 
10.9 
23.1 
10.3 

0.1 
8.1 
1.1 
2.5 
1. 0 
2.1 
1.3 
6.3 
4.3 
7.9 

19.2 
7.2 
6.0 

11. 1 

7.7 
10. 1 
8.8 

11. 1 
5.8 
7.0 
6.6 
5.6 

0.1 
3.4 
0.4 
1.1 
0.3 
0.9 
0.8 
3.7 
1.0 
4.5 
0.5 
5.6 
2.1 
0.1 
4.4 
0.3 
5.7 
1.3 
3.3 

3.5 
0.3 
2.6 

260 34 .6 20.0 10.6 7.2 10.3 11.7 1.9 0.4 
265 - 21.2 19.3 17.9 13.6 9 . 0 6.1 4.5 2.3 

270 4.3 7.6 7.6 12.9 29.8 30.3 1.8 0.5 
275 12.1 15.6 14.7 18.1 15.0 8.6 5.9 2.9 
280 11.9 30.3 27.0 12.7 5.4 8.1 0.9 0.6 
285 0.2 3.3 9.9 23.6 27.8 29.5 1.8 0.3 
290 0.1 2.1 10.1 23.8 33.6 18.1 6.8 
295 14.7 22.8 29.9 20.2 7.4 4.2 0.1 
300 10.5 17.5 23.9 22.3 13.1 5.6 2.9 
305 1.4 10.1 31.0 34.7 20.4 2.4 0.1 
310 6.4 25.5 29.6 26.3 9.5 0.7 0.1 
315 
320 
325 

4.2 28.5 31 . 9 16.1 8.2 8.8 0.5 
3 . 0 13 .5 16.9 17.8 17.0 13.2 8.0 
0 .9 6.4 12. 8 17.2 18.7 31.3 6.1 
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1.9 
0.1 
1.1 
0.1 
0.6 

0. 1 
3.1 
0.1 

2.3 0.4 
8.0 4.6 
3.5 28. 7 
3.9 37.3 
2.9 39. 4 
2.5 45 . 0 
3.5 44.4 

12.5 42.0 
3.9 43.4 

15.6 31.4 
0.4 21.6 

13.7 36.8 
3.6 30.2 
0.9 33.4 

12.4 30.6 
3.5 30.5 

14.0 24.9 
3.1 33.6 
8.0 48.3 

7.9 29.9 
3.9 28.4 
5.5 38.4 

97.2 . 2.5 
84.0 11.4 
67.4 3.9 
57.8 5.0 
57.4 3.2 
51.5 3.5 
51.3 4.3 
41.8 16.2 
51.6 4.9 
48.4 20.2 
77.5 0.9 
43.8 19.3 

64.1 5.7 
65.7 0.9 
52.6 16.8 

65.7 3.9 
55.5 19.6 
62.1 4.3 
40.4 11.3 
58.7 11.4 
67.5 4.1 
53.5 8.1 

1.3 S 
1. 1 (m)S 
0.8 gS 
1.0 sG 

1.0 sG 
0.9 sG 
0.5 sG 
0.4 msG 
0.5 sG 
0.3 msG 
0.2 gS 

0.2 msG 
0.2 sG 
0.1 sG 
0.2 msG 
0.2 sG 
0.1 gmS 

0.2 sG 
0.2 msG 
0.6 (m)gS 
0.8 gS 
0.9 msG 

3.4 54.6 41.7 3.8 0.9 sG 
6.1 40.5 51.2 
5.2 11.9 82.4 
7.0 27.7 62 . 4 
3.1 42.2 54.2 

3.7 3.5 92.6 
3.5 2.1 92.4 
0.7 37.5 61.7 
3.0 28.0 67.8 
0.0 11.5 88.5 
1.3 31.9 66.2 

8.4 0.3 msG 
5.7 0.3 gS 
9.9 0.4 (m)gS 

3.7 0.4 sG 
4.0 0.2 S 
5.4 0.4 S 
0.7 0.5 sG 
4.1 0.4 gS 
0.1 0.2 gS 
1.9 0.2 sG 

1. 7 32.7 65.5 1.8 0.2 sG 
7. 5 16.5 72.9 10.6 0.3 (m)gS 
6.5 7.3 86 . 1 6.7 0 .2 (g)S 
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1' 

C' 

Well 299-E25-32 

Depth %fp 
330 6.2 
335 8.2 
340 3.6 
345 1.7 
350 0.8 
354 3.1 

%vfp %vcs %cs %ms 

18.1 19.0 14.7 14.6 
16.7 12.2 11.5 15 .5 
15.0 20.0 16.3 16.0 
4.9 11.6 15.6 18.2 
4.3 11.0 18.6 18.4 
8.6 18.6 20.9 19.4 

DOE-RL 88-27 
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%fs %vfs %silt %<silt gravel sand rrud CaC03 Class • 10.3 6.8 3.3 6.9 24.3 65.5 10.2 0.3 Cm)gS 
24.3 2.8 0.1 8.6 24.9 66.3 8.7 0.3 (m)gS 
10.9 7.1 3.2 7.9 18.5 70.4 11. 1 0.4 (m)gS 
31.6 11.6 0.6 4.2 6.6 88.6 4.8 0.2 (g)S 
15.2 12.2 5.8 13.7 5.1 75.3 19.5 0.2 (g)mS 

23.2 1.7 0.6 3.9 11. 7 83.8 4.5 0.6 gS 

• 
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7810t014. 1 IS 

Sediment Classification Scheme (Tallman et al. 1979). 
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Sieve Analysis (Granulometric Analysis) Procedure 

PURPOSE 

This section describes the steps to be taken to measure the particle 
sizes of an uncontaminated sediment. 

APPLICABLE STANDARDS 

ASTM 0422-63, Procedure 5 (ASTM 1972); ASTM C702 (ASTM 1987) 

Equipment Required 

1. Sieves, 8-in. dia. 

Sieve mesh 
number 

5 
10 
18 
35 
60 

120 
230 
325 
PAN 

REQUIREMENTS 

Sediment analysis 
form designation 

fp (fine pebbles) 
vfp (very fine pebbles) 
vcs (very coarse sand) 
cs (coarse sand) 
ms (medium sand) 
fs (fine sand) 
vfs (very fine sand) 
silt 
si 1t and clay 

2. Balance. Sensitive to a minimum of 0.1 g. 

Retained particles 
size (mm) 

>4.0 
2.0 
1.0 
0.5 
0.25 
0.25 
0.063 
0.043 

<0.043 

3. * Ro-Tap shaker (ASTM- 0422-63, Procedure 5)(ASTM 1972). Equipped with a 
15-min timer. 

4. Drying oven. 

5. Sample splitter (ASTM C702). 

6. Brushes: wire for 60 mesh and coarser; nylon for finer than 60 mesh. 

7. Drying trays, aluminum. 

8. Leather mallet, larger rubber stopper, or wooden rolling pin . 

* Ro-Tap is a trademark of W.S. Tyler, Incorporated. 
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Preparation of Sample--Transfer samples from original container to open trays 
labeled with well number and depth. Dry samples in an oven at 50 •c ± 20 •c 
until dry. Note the oven identification number on the sediment analysis form. 

Method 

1. Pour all of the dried sample through sample splitter and continue 
splitting until approximately 150 g remain. Return remaining sample to 
original container. Place particles that are too large to pass through 
splitter in the pan into which they would have fallen. Disaggregate 
dried samples using a leather mallet, by placing the sample in a size 18 
mesh sieve and applying moderate pressure with a large rubber stopper, 
or by spreading the sample out on a piece of paper and using a wooden 
rolling pin to disaggregate the sediments. To ensure the most accurate 
results possible, as much of the aggregates should be broken up as is 
reasonably possible. 

2. Weigh the sample to the nearest 0.1 g and record on the Sediment Analysis 
Form (Fig. 5Al-2}. For reproducibility, all final entries are to be 
recorded in black ink. 

3. Place weighed sample at the top of the clean sieve nest arranged with 
the coarsest sieve on top and decreasing to the smallest size and pan at 
the bottom. 

4. Place sieve nest in Ro-Tap and shake for 15 min. Record the Ro-Tap and 
sieve identification numbers on the Sediment Analysis Form. 

5. Starting at the top, check each sieve for aggregates. If aggregates are 
present, grind them with the rubber stopper, return them to the same 
sieve, and reshake for 15 min. Grind long enough only to disaggregate. 

6. Weigh the contents of each sieve to the nearest 0.1 g. 

7. Record weight onto the Sediment Analysis Form. 

8. If calcium carbonate content is to be analyzed, transfer that portion of 
the sample that passed through the size 18 sieve to a separate labeled 
container and save. Return that portion of sample retained on the size 
18 and coarser sieves to the original container. After calcium carbonate 

-analysis has been performed, return any remaining sample to the original 
sample container. 

9. If total weight after sieving is not within 2 percent of the starting 
weight, rerun the sample. 

Quality Assurance--To provide quality assurance, the following steps should be 
observed. 

1. The scale should be calibrated at least yearly to ensure accuracy . 
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2. At the completion of every eight sample analyses, select one sample at 
random and rerun. These rerun samples are recorded on the Sediment 
Analysis Forms and are noted as reruns. 

3. Submit a blind audit sample for at least every 100 samples. This is to 
be a sample already run but under new identification. Identification 
and results of blind samples should be recorded on the Sediment Analysis 
Forms. 

4. Analyze a sediment standard at least every 300 samples to check for 
sieve wear. Results of this test are to be recorded on the Sediment 
Analysis Forms. 

5. Clean sieves at the end of each sieving day and check for visible signs 
of sieve wear. Worn or damaged sieves are to be replaced. 

REFERENCES 

ASTM, 1972, Standard Method for Partjc]e Sjze Ana1ysjs, ASTM D422, American 
Society for Testing and Materials, Philadelphia, Pennsylvania. 

ASTM, 1987, Standard Practjce for Reducjng fje]d Samples of Aggregate to 
Testjng Sjze, ASTM C702, American Society for Testing and Materials, 
Philadelphia, Pennsylvania . 
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Calcium Carbonate Analysis Procedure 

PURPOSE 
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The purpose of this section is to describe how to analyze for calcium 
carbonate in uncontaminated sediments. 

APPLICABLE STANDARDS 

Horowitz, W., ed., 1970, Official Methods of Analysis of the Association 
of Official Analytical Chemists, Association of Official Analytical Chemists, 
Washington, D.C., p. 139. 

REQUIREMENTS 

The Analytical Laboratories Department is responsible for acquiring and 
maintaining the following reagents and equipment. 

Reagents 

1. Hydrochloric Acid. 4M - Add 340 ml of concentrated reagent grade HCl to 
about 500 ml of deionized water. Dilute to 1 Land mix thoroughly. 

2. Calibration Standard. Dry a quantity of reagent (or primary standard
grade sodium carbonate) for 2 hat 120 •c to 125 •c. Weigh out 31.80 
± 0.01 g of reagent, dissolve it in deionized water, and dilute it to 
1 L. Store in a polyethylene bottle. This solution should be protected 
from evaporation and contamination and replaced each month. One ml is 
equivalent to 30 mg of Caco3. 

3. Quality Assurance Standard. Use reagent grade calcium carbonate with a 
minimum assay of 99 percent. Dry overnight in an oven at a minimum 
temperature of 120 •c and store in a desiccator. 

4. Displacement Solution. Dissolve 100 g of sodium sulfate decahydrate 
(Na SO, 10 H) in 500 ml of deionized water. Add about 1 g of sodium 
bicirb~nate, ~aHC03 and 2 ml of a 0.5 percent methyl orange solution. 
Add HCl (4 to 5 M) to make slightly acid (a definite pink color). Stir 
until CO2 bubbles are no longer visible. This solution will be saturated 
with CO2 and will not have a tendency to absorb CO2 from the sample. 
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1. Balance. Single pan, sensitive to a minimum of 0.01 g or less. 

2. Gasometer. Shop made, consisting of gas tube, graduated gas buret, 
compensating tube, and leveling bulk (Figure 5Al-3). 

3. Flasks. Pyrex*, 150 ml with 34/28 standard taper neck fitted with special 
acid buret (Figure 5Al-3). 

4. Magnetic stirrer and stir bars. 

5. Buret. (For dispensing calibration standard) 25 or 50 ml, graduated in 
0.01-ml increments, fitted with a loose cap to exclude dust. This buret 
must be kept clean. If it does not drain smoothly (drops retained on 
walls), it should be cleaned with a warm solution of detergent or 
trisodium phosphate (5 g/l) and rinsed thoroughly. 

Method 

1. We igh out approxi mately 5 g ± 0.01 g of sample, and transfer to a reaction 
fla sk. Add a stir bar to the flask. (For quality assurance standard, 
use 0. 10 to 0.1 5 g weighed t o 0.0001 g). 

2. Fi t the ac id buret to the top of t he flask and place flask on magnetic 
stirrer . 

3. Close t op of ac id buret with a rubber stopper. 

4. Turn three -way stopcock to vent gas tube and compensating tube to the 
air . 

5. Adjust height of leveling bulb unt i l liquid-level line if gas buret is 
at O. 

6. Turn three -way stopcock to connect gas tube to gas buret with outside 
vent tube closed. 

7. Set timer for 3 min and open stopcock on acid buret. Turn on magnetic 
stirrer. 

8. When the timer alarms, lower the leveling bulb until the liquid levels 
in the compensating tube and gas buret are the same. Record the volume 
reading on the gas buret. (Adjusting the levels in this way ensures 
that the gas in the buret is at atmospheric pressure . ) 

9. Rerun the sample (1) if a leak is suspected in the apparatus or (2) i f 
the volume of gas measured i s greater than the greatest gas volume used 
i n the calibration . In such cases, rerun us i ng a smaller sample. 

10. Percent of calcium carbonate is determined using the method of Horowitz 
(1970). 

* Pyrex is a trademark of Corning Glass Works. 

5Al~19 



ro 

0 

LEVELING 
BULB 

COMPENSATING TUBE\ 

------------------

GAS BURET 

THREE-WAY 
STOPCOCK 

--GAS TUBE 

RUBBER 
STOPPER 

Figure 5Al-3. Gasometer Setup. 

APP SAl-20 

DOE/RL 88-27 
Rev. l, 01/17/90 

ACID 
BURET 

7U09084.,. 

• 

• 



• 

M 

• 

DOE/RL 88-27 
Rev. 1, 01/17/90 

11. Return the unused portion of sample to original container in the Hanford 
Geotechnical Sample Facility. 

12. Results of the analysis are to be forwarded to the cognizant scientist, 
who transfers the information onto the Sediment Analysis Form 
(Fig. 5Al-2, columns 18-21) ~ 

Quality Assurance--As quality assurance checks, the following should be 
performed. 

1. Run calcium carbonate standard every 4 h. If the recovery is outside of 
100 percent by± 15 percent, run a new calibration curve. Rerun the 
calcium carbonate standard to verify the new calibration curve. Maintain 
records of the calibration curves and checks. 

2. At the completion of every 10 sample analyses, select one of the samples 
at random and run. These data shall be included with the other results 
and marked as a rerun. 
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CHEMICAL ANALYSIS OF SEDIMENT SAMPLES 
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Sediment chemical analyses from samples collected at or near the GTF 
are presented in Table 5A2-1. These analyses were performed by U.S. Testing 
Company, Richland, Washington. Their procedures are described in this 
appendix with the minimum detectable concentrations listed. Samples for 
analysis were collected from nine wells at various depths below ground 
surface. The well numbers, prefixed by 299-E25, include: 25 through 27 and 
222 through 227 (the latter numbers are boreholes not completed as wells and 
generally drilled to a depth of not more than 50 ft). A total of 47 depth
discrete samples were analyzed for various chemical parameters. 
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CHEMICAL ANALYSIS PROCEDURE SUMMARIES 

DETERMINATION OF SPECIFIC CONDUCTIVITY 
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Conductivity is a measure of the salt content in the soil solution. 
Soil is saturated with H10 until the surface glistens and the soil slowly 
runs from a beaker when turned sideways. After the mixture sits for 1 h, it 
is checked again to see if more water or soil is needed to meet the physical 
requirement for the conductivity analysis. Let stand four more hours, then 
suction off the liquid. Measure the conductance with a conductivity meter. 
Save the liquid for subsequent analyses. The minimum detectable conductance 
is 0.1 mmho/cm. 

DETERMINATION OF ALKALINITY 

A known volume of filtrate from the conductivity analysis is titrated 
with weak H2S04, first with phenolphthalein as an indicator, then with methyl 
orange to its first endpoint to get co3= and HC03-. The OH- concentration 
is calculated from the relationship of OH-, Co3=, and HC03- ions to one 
another in the soil solution. 

DETERMINATION OF SODIUM ABSORPTION RATIO 

The sodium absorption ratio is calculated from the sodium, calcium, and 
magnesium content (determined by atomic absorption) of the solution. 
Sodium, calcium, and magnesium represent concentrations in milliequivalents 
per liter. 

Sodium absorption ratio= Na 

--Y(Ca + Mg)/2 in units of meq/L. 

A standard curve for sodium, magnesium, and calcium also is prepared . 

DETERMINATION OF SOLUBLE SODIUM, CALCIUM, MAGNESIUM, AND POTASSIUM 

Sodium, calcium, magnesium, and potassium concentrations are analyzed 
by atomic absorption on the supernatant from the conductivity determination . 
A standard curve is prepared for each element. The minimum detectable 
concentrations are 2, 2, 0.5, and 1 p/m for sodium, calcium, magnesi4m, and 
potassium, respectively. 

DETERMINATION OF CATION EXCHANGE CAPACITY 

Exchangeable cations are removed from the soils exchange complex by 
shaking with a readily exchangeable cation such as sodium. The excess 
(noncomplexed) sodium is removed by washing with ethyl alcohol. The 
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rema1n1ng sodium on the exchange complex is removed with the ammonium ion by 
shaking the soil with an anvnonium acetate solution. The sodium is determined 
by atomic absorption. A standard curve also is run. The minimum detectable 
cation exchange capacity is 0.5 meq/100 g. 

DETERMINATION OF EXCHANGEABLE CALCIUM, MAGNESIUM, POTASSIUM, AND SODIUM 

Calcium, magnesium, potassium, and sodium are removed from the exchange 
complex by shaking with an anvnonium acetate solution. The ammonium ion 
replaces calcium, magnesium, potassium, and sodium in the soil exchange 
complex, which then are measured by atomic absorption. A standard curve is 
prepared for each element. The minimum detectable concentrations are 2, 
0.5, 1, and 2 p/m for calcium, magnesium, potassium, and sodium, respectively. 

DETERMINATION OF CHLORIDE 

Chloride is extracted by adding deionized H20 to soil in a 1:1 (v:w) 
ratio and shaking for 1/2 h. The mixture is filtered, and chloride is 
determined in the filtrate using a specific ion electrode. A standard curve 
i s run with the samples. The mi nimum detectable concentration is 1 p/ m. 

DETERMINATION OF FLUORIDE 

Fluoride is analyzed on a 1:1 soi l t o water (w: v) rat io ext ract after 
shaking and filtering the sampl e. Fluoride i s determined us i ng a specific 
ion electrode. A standard curve also is run. The minimum detectable 
concentration is 0.1 p/m. 

DETERMINATION OF ORGANIC MATTER 

The ox idizable material in soil is oxidized by adding a known 
concentration of Cro7= plus sulfuric acid. The excess CrO = is titrated 
with FeS04 , and the organic matter is calculated. There a~e also di stinct 
color changes that occur as the organic matter content increases. These 
color changes can be determined using a colorimeter. A standard curve is 
prepared from soil with known amounts of organic matter. The minimum 
detectable concentration is 0.5 percent. 

DETERMINATION OF PHOSPHATE 

For soils above 6.5 t o 7.0 pH, phosphorous is extracted by shaking soil 
and sodium bicarbonate (0.5M at pH 0.5) together in a 1:20 ratio for 1/2 h 
and then filtering in the presence of carbon black. Phosphorous is determined 
on the filtrate by the intensity of the blue color that develops after the 
addition of ammonium molybdate and stannous chloride . A standard curve also 
is prepared. The minimum detectable concentration of phosphate is 0.5 p/m. 
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DETERMINATION OF SULFATE 
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Sulfate sulfur is determined on a soil solution after shaking equal 
parts of water and soil for 1/2 h. A seed solution containing a small 
amount of sulfate sulfur is added to the soil solution. Gum acacia is added 
to keep BaSO in suspension, and then sized BaCl crystals are added, 
causing Baso: to form. The resulting turbidity ~s read in a colorimeter or 
turbidimeter. A standard curve is prepared with the samples. The minimum 
detectable concentration is 2 p/m. 

DETERMINATION OF NITRATE 

Nitrates are soluble in deionized HO and are extracted from soil by 
shaking soil and water in a 1:2.5 (w:v) ?atio for 1/2 h. A small amount of 
silver sulfate is added to precipitate chloride, which interferes in the 
phenyldisulfonic acid method for nitrates. A small amount of copper sulfate 
is added to help flocculate the soil and aid filtering. After filtering, 
the filtrate is taken to dryness on a hot water bath, and the resulting 
residue is dissolved in phenyldisulfonic acid. First, water is added, then 
ammonium hydroxide until the yellow color of 6-nitrophenol-2:4-disulphonic 
acid is formed, then an excess of anvnonium hydroxide is added. The intensity 
of the color is measured in a colorimeter. A standard curve is prepared 
with the samples. The minimum detectable concentration is 1 p/m nitrate. 

DETERMINATION OF MOLYBDENUM 

Molybdenum is extracted from soil with Tanvn's reagent (a mixture of 
ammonium oxalate and oxalic acid). A 1:5 (w:v) ratio of soil to extracting 
solution is shaken overnight. The mixture is filtered or centrifuged and 
the filtrate is extracted with hexane. Molybdenum in the hexane fraction is 
measured by atomic absorption. A standard curve is prepared with the 
samples. The minimum detectable concentration is 0.2 p/m. 

DETERMINATION OF ZINC, COPPER, IRON, MANGANESE, CADMIUM, COBALT, AND LEAD 

Trace metals in soil can be extracted by O.lN HCl or by diphenyl 
tetraacetic acid (DPTA). This is a measure of the readily available metals 
in the soil solution. Soil is shaken with either DPTA in a 1:2 soil to DPTA 
ratio (w:v) or a 1:10 ratio for soil to O.lN HCl. The extractant is 
filtered, and the filtrate is analyzed by atomic absorption for the various 
metals. A standard curve is prepared for each metal. 

Metals 
Zinc 
Iron 
Cadmium 
Lead 

Minimum detectable concentrations 
RLm Metals 
0.2 Copper 
2 Manganese 
0.2 Cobalt 
1 
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DETERMINATION OF pH 
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A 1:1 soil to deionized water (w:v) mixture is prepared, mixed, and 
allowed to stand for 1/2 h. The pH of the solution is measured with a pH 
meter. The minimum detectable pH is 0.2 pH units. 

DETERMINATION OF ARSENIC AND SELENIUM 

Arsenic and selenium are extracted from the soil with 30 percent nitric 
acid by heating at 70 •c for 1 h. Sodium borohydride is added to sample 
solution to reduce arsenic and/or selenium to volatile hydrides. The 
hydrides are carried with the hydrogen gas into a quartz absorbance cell, 
where the concentration of arsenic and/or selenium is measured. The minimum 
detectable concentration for arsenic and selenium is 0.003 p/m. 

DETERMINATION OF MERCURY 

Mercury in soil is converted to the ionic form by digesting with acid 
(aqua regia or a mixture of sulfuric and nitric acid) at 90 •c for 1 h. By 
adding potassium permanganate to the sample until a permanent purple color 
is reached, organic mercury also is converted to the ionic form. Mercury is 
vaporized by the addition of stannous chloride or sodium borohydride 
depending on the analysis system. The vapor is carried through a cold 
adsorption cell connected to an atomic absorption instrument. The minimum 
detectable concentration is 0.001 p/m. 
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1 Table 5A2-l. Chemical Analysis of Sediment Samples. {sheet 1 of 10) • 2 
3 Well 299-E25-25 
4 Degth { ft} 
5 Parameter Units 100 105 110 115 120 125 
6 
7 
8 Alkalinity p/m as CaC03 144 144 130 137 137 144 
9 pH 8.13 8.33 8.29 8.34 8.22 8.25 

10 Conductivity mmho/cm 0.6 0.85 0.65 0.6 0.51 0.7 
11 Sodium absorption ratio 5 4.25 4.35 4.53 4 .15 4.05 
12 Soluble Na p/m 59.1 79.6 58.9 58 63.7 67.1 
13 Soluble Ca p/m 4 12.3 6.5 5.5 8.3 9.6 
14 Soluble Mg p/m 4 8.7 4.5 4.2 5.8 6.8 
15 Soluble K p/m 9.4 11. 9 9.9 10 .1 9.9 9.8 
16 Cation exchange 
17 capacity Meq/100 g 29.6 19.2 21.5 28 29.8 28.6 
18 Exchange Na p/m 168 122 130 144 174 172 
19 Exchange Ca* Meq/100 g 23.5 18.3 25.5 25.1 27.3 30.6 
20 Exchange K p/m 358 304 314 346 380 358 

'V 21 Exchange Mg* Meq/100 g 3.95 3.21 3. 71 3.72 4. 72 4.76 
22 Cl p/ m 19.5 7.08 10.2 6.26 5.87 5.57 
23 F p/m 0.62 0.62 0. 71 0.87 0. 71 0.78 
24 Organic matter% 0 .1 0.07 0.086 0.086 0.114 0.114 
25 P03P p/m 3.65 2.58 2.85 2.85 2.85 3.65 - 26 S03S p/m 11.8 11 9.58 11 15.1 16 
27 N03N p/m 2.16 2.23 1.31 1.51 2.46 1.58 
28 Mo p/m 0.14 0.12 0.13 0 . 1 0. 19 0.2 
29 Zn DPTA** p/m 0.48 0.32 0.4 0.36 0.8 0.54 
30 Cu DPTA p/m 0.53 0.34 0.5 0. 72 0.72 0.62 
31 Fe DPTA p/m 18.4 19.4 19.2 20.2 14.6 14 
32 Mn DPTA p/m 2.8 2.6 4 2.8 2.8 2.6 
33 Cd DPTA p/m 0.08 0.04 0.04 0.04 0.06 0.06 
34 Co DPTA p/m 0.25 0.16 0.25 0. 25 0.25 0.25 
35 Pb DPTA p/m 0.62 0.38 0.62 0.62 0.76 0.76 
36 As p/m 2.08 1.97 1.86 1.82 1.63 1.86 
37 Hg p/m <.006 <.006 <.006 0. 006 0.006 0.006 
38 Se p/m 0.175 0.196 0.192 0.146 0.179 0.175 
39 Zn O.lN HCl p/m 3.3 2.8 2.7 2.8 3.2 3 
40 Cu O. lN HCl p/m 2.1 2. 1 2.1 1.8 2. 1 2.4 
41 Fe O. lN HCl p/m 275 290 287 230 204 138 
42 Mn O. lN HCl p/m 62 50 72 52 64 62 
43 Cd O. lN HCl p/m 0.2 0.3 0.3 0.2 0.2 0.3 
44 Co O.lN HCl p/m 2.5 1.9 1.9 1.9 1. 9 2.5 
45 Pb O.lN HCl p/m 3 .1 2.5 3.8 3.8 3.8 5 
46 
47 

• 
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• 1 Table 5A2-1. Chemical Analysis of Sediment Samples. (sheet 2 of 10} 
2 
3 Well 299-E25-26 
4 DeQth (ft} 
5 Parameter Units 35 55 60 65 70 75 130 
6 
7 
8 Alkalinity p/m as CaC03 144 130 130 151 158 101 115 
9 pH 8.56 8.46 8.47 8.4 8.31 8.43 8.48 

10 Conductivity mmho/cm 0.35 0.3 0.25 0.5 0.4 0. 25 0.25 
11 Sodium absorption ratio 3 . 14 3.22 1.89 2. 57 2.35 1.5 4. 25 
12 Soluble Na p/m 23 22 .8 14.9 23 24.8 12.5 23.5 
13 Soluble Ca p/m 1.5 1.6 2.6 3.5 1.9 0.5 
14 Soluble Mg p/m 15 1.4 1.9 2.1 3 2 1.1 
15 Soluble K p/m 6.5 6.1 6.2 7 8.6 6 6.4 
16 Cation exchange 
17 capacity Meq/100 g 11 11.6 9.9 18.6 18.8 6.3 4.8 
18 Exchange Na p/m 50 62 36 64 72 22 28 
1 Exchange Ca* Meq/100 g 12.6 17 .8 15.2 25.6 29.4 11. 5 8.3 
20 Exchange K p/m 202 230 182 256 304 106 92 
2 Exchange Mg* Meq/100 g 1.9 2.38 2.15 3. 28 4.17 1.15 1. 12 
~ . Cl p/m 1.62 2.07 2.11 0.9 2.7 0. 2 <0. 1 
23 F p/m 0.41 0.43 0.52 0.42 0.5 0.42 0.54 
2L Organic mat t er % 0.057 0.1 0.086 0.086 0 .1 0.086 0 .1 
25 P03P p/ m 2.58 3.65 2. 58 3.12 3.65 3.12 2. 06 
2-61 S03S p/m 4. 58 3. 48 2.43 2.95 4.02 2. 43 2. 69 
27 N03N p/m 0. 506 0. 571 0.442 0.506 1. 73 0. 442 0.377 
28 Mo p/m 0.09 0.19 0. 12 0.19 0. 21 0.16 0.14 
~ Zn DPTA** p/m 0.3 0.5 0.38 0.58 2.7 0.56 1. 3 
30 Cu DPTA p/m 0.34 0.5 0.44 0.44 0.78 0.28 0. 28 
ll- Fe DPTA p/m 14 .6 14.2 13.8 15.2 14 .4 8.4 7 
32 Mn DPTA p/m 1. 7 2.4 2.6 3 2.6 2.6 2.8 
3-3 Cd DPTA p/m 0.06 0.04 0.04 0.04 0.06 0.04 0.04 
34 Co DPTA p/m 0.16 0.25 0.16 0.25 0. 25 0.16 0.16 
3'5 Pb DPTA p/m 0.5 0.62 0.38 0.62 0.5 0.38 0.5 
3.6 As p/m 1.86 1.67 1.52 1.82 2.12 1.56 1.93 
37 Hg p/m 0.017 0.006 <.006 0.017 0.006 0.017 0.011 
38 Se p/m 0.255 0.225 0. 196 0.2 1. 96 0. 233 0.217 
39 Zn O. lN HCl p/m 1.8 2.8 2.7 3.2 5 3 2.9 
40 Cu O.lN HCl p/m 2.4 2.4 2.4 2.4 2.6 1.8 2. 4 
41 Fe O. lN -HCl p/m 320 343 282 202 228 267 235 
42 Mn O. lN HCl p/m 47 52 59 69 77 81 70 
43 Cd O. lN HCl p/m 0.2 0.2 0.2 0.4 0.4 0.3 0.2 
44 Co O.lN HCl p/m 1.9 1.9 1. 9 2.4 2.5 1.9 1.3 
45 Pb O.lN HCl p/m 2.5 3 .1 3 .1 3.8 3.8 3.8 3 .1 
46 
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1 Table 5A2-1. Chemical Analysis of Sediment Samples. (sheet 3 of 10) 

• 2 
3 Well 299-E25-27 
4 DeQth {ft} 
5 Parameter Units 5 10 85 90 95 
6 
7 
8 Alkalinity p/m as CaC03 252 270 130 144 ll5 
9 pH 8.63 8.96 8.25 8.34 8.24 

10 Conductivity rnmho/cm 1.15 2.4 0.7 0.6 0.7 
ll Sodium absorption ratio 10.8 22.8 3.49 4. ll 3.93 
12 Soluble Na p/m 186.4 388 62.2 51.6 55 .. 9 
13 Soluble Ca p/m 8.2 5 11.9 5.5 6.9 
14 Soluble Mg p/m 8.7 10.3 7.4 3.9 5.1 
15 Soluble K p/m 11.7 10 . 5 9.8 8.5 9.1 
16 Cation exchange 
17 capacity Meq/100 g 7.2 7.7 18.4 16.9 19 
18 Exchange Na p/m 172 342 144 108 128 
19 Exchange Ca* Meq/100 g 14.7 16.4 26.8 2 2.4 
20 Exchange K p/m 184 178 362 290 324 
21 Exchange Mg* Meq/100 g 2.3 2.87 4.54 3.33 3.95 
22 Cl p/m 12.5 33.3 2.9 I. 72 2.23 
23 F p/m 0.67 1.68 0.8 0. 72 0.76 
24 Organic matter % 0.24 0.23 0.086 0.129 0.086 
25 P03P p/m 6.44 5.03 3.65 3 .13 2.85 

....,... 26 S03S p/m 15.5 27 .4 12.6 7. 57 9.58 
27 N03N p/m 1.51 0.833 1.44 1.17 1.58 
28 Mo p/m 0.13 0. 12 0.19 0.14 0.13 
29 Zn DPTA** p/m 0.66 0.48 0.62 0.4 0.4 
30 Cu DPTA p/m 0.88 0.78 0.44 0.38 0.5 
31 Fe DPTA p/m 10.4 9 17 .6 18.4 17 .8 
32 Mn DPTA p/m 2.4 1.8 2.4 2.4 2.4 
33 Cd DPTA p/m 0.06 0.02 0.03 0.04 0.04 
34 Co DPTA p/m 0. 16 0.16 0.25 0. 25 0.25 
35 Pb DPTA p/ m 0.62 0. 76 0. 62 0. 62 0.62 (' 

36 As p/m 1.88 6.67 1.08 1.03 1.13 
37 Hg p/m <.006 0.006 0.006 <.006 O.Oll 
38 Se p/m 0.266 0.287 0.171 0.167 0.2 
39 Zn O.IN HCl p/m 2.7 2.7 3 .1 2.6 2.7 
40 Cu O.lN HCl p/m 2.6 2.4 2.1 1.8 2.9 
41 Fe O.IN HCl p/m 212 233 278 311 233 
42 Mn O. IN HCl p/m 46 49 61 74 59 
43 Cd O.lN HCl p/m 0.2 0.2 0.2 0.3 0.3 
44 Co O. lN HCl p/m 1.3 1.3 1.9 2.5 2.5 
45 Pb O.lN HCl p/m 2.5 2.5 4.4 3.8 4.4 
46 
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Table 5A2-l. Chemical Analysis of Sediment Samples. 

Parameter 

Alkalinity 
pH 

p/m as CaC03 

Conductivity mmho/cm 
Sodium absorption ratio 
Soluble Na p/m 
Soluble Ca p/m 
Soluble Mg p/m 
Soluble K p/m 
Cation exchange 

capacity 
Exchange Na 
Exchange Ca* 
Exchange K 
Exchange Mg* 
Cl 
F 
Organic matter 
P03P 
S03S 
N03N 
Mo 
Zn DPTA** 
Cu DPTA 
Fe DPTA 
Mn DPTA 
Cd DPTA 
Co DPTA 
Pb DPTA 
As 
Hg 
Se 
Zn O.lN HCl 
Cu O.lN HCl 
Fe O.lN HCl 
Mn O. lN HCl 
Cd O. lN HCl 
Co O.lN HCl 
Pb O.lN HCl 

Meq/lOOg 
p/m 
Meq/100 g 
p/m 
Meq/100 g 
p/m 
p/m 
% 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 

Well 299-E25-27 (cont) 
Depth (ft) 

100 105 110 

101 
8.24 
0.75 
3.54 
67.1 
13.9 
8.1 

10 

17.6 
140 
2.2 
324 

3.59 
5.13 
0.73 

0.114 
4.47 
15.1 
2.54 
0.27 
0.3 

0.34 
17 .8 
2.4 

0.06 
0.25 
0.62 
1.15 

0.011 
0.158 

2.8 
2.4 
278 
64 

0.3 
1.9 
3 .1 
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126 
8.6 

0.45 
8.01 
53.5 
1.2 
1.4 
7.3 

10.8 
106 

14.5 
238 

2.18 
0.27 
0.68 

0.114 
2.58 
5.43 

0.377 
0.12 
0.38 
0.44 

12 
1. 7 

0.04 
0.08 
0.5 

1.03 
<.006 
0.154 

3 
2.4 
333 

64 
0.1 
1.9 
1.9 

144 
8.57 
0.5 

13.7 
58.5 
0.4 
0.6 
9.4 

12.9 
122 

16 
264 

2.21 
<0.1 
0.78 
0.07 
3 .12 
6.33 

0.442 
0.17 
1.24 
0.38 
12.2 
1.5 

0.06 
0.16 
0.72 
1.52 

0.022 
0.079 

4.2 
2.6 
396 

62 
0.3 
1.9 
1.9 
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(sheet 4 of 10) 

115 

130 
8.49 
0.5 

8.84 
59.3 
1.1 
1.4 
8.3 

12.1 
114 

15.1 
250 

2.13 
0.61 
0.6 

0.043 
2.06 
6.94 

0.442 
0 .14 
0.9 

0.56 
11.8 
1.6 

0.04 
0.16 
0.62 
1.06 

<.006 
0.182 

2.8 
3.2 
348 

55 
0.3 
1. 9 
1.9 

120 

117 
8.23 

1.3 
4.18 

100 
24 

11. 7 
13.4 

17.7 
148 

22.3 
304 

3.07 
4.5 

0.61 
0.1 

3 .12 
22.3 
4.27 
0.16 
1.96 
0.88 
12.6 
1.8 

0.04 
0.25 
0.62 
1.22 

0.006 
0.211 

4.4 
3.8 
338 

60 
0.3 
2.5 
1.3 
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Table 5A2-1. Chemical Analysis of Sediment Samples. (sheet 5 of 10) 

Well 299-E25-27 (cont) 
De~th {ft) 

Parameter Units 125 130 --135 . 140 

\ 
Alkalinity p/m as CaC03 122 130 15 \ 130 
pH 8.24 8.48 8.38 8.32 
Conductivity mmho/cm 1.2 0.9 0.8 1.15 
Sodium absorption ratio 3.68 4 3.5 3.38 
Soluble Na p/m 79.7 75 61.8 76.9 
Soluble Ca p/m 17 .9 13.4 IO.I 19 
Soluble Mg p/m 10.7 8 8.2 12.3 
Soluble K p/m 10.4 8.5 7.7 7.3 
Cation exchange 

capacity Meq/100 g 18.4 ,J 8~3 9.3 
Exchange Na p/m 116 70 78 
Exchange Ca* Meq/100 g 23.5 14.7 16,7 20.9 
Exchange K p/m 222 118 1 148 132 
Exchange Mg* Meq/100 g 2. 77 1.36 \1. 77 2.03 
Cl p/m 4.43 2.32 t·ll 4.41 
F p/m 0.58 0.58 0.6 0.79 
Organic matter % 0.086 0.086 .07 0 .1 
P03P p/m 3.65 3.65 ) .65 3.38 
S03S p/m 16 16.9 9.58 20.4 
N03N p/m 3.24 1.44 _.,, 1.44 2.38 
Mo p/m 0.19 0.17 0.11 0.17 
Zn DPTA** p/m 0.84 0.58 0.46 0.66 
Cu DPTA p/m 0.5 0.34 0.28 0.34 
Fe DPTA p/m 12 9 11. 2 8.4 
Mn DPTA p/m 2.4 2.4 2.6 3.2 
Cd DPTA p/m 0.06 0.04 0.04 0.06 
Co DPTA p/m 0.25 0.34 0.25 0.34 
Pb DPTA p/m 0.62 0.62 0.5 0.72 
As p/m 1.82 1.88 1. 77 1.23 
Hg p/m 0.11 <.006 0.011 0. 011 
Se p/m 0.211 0.214 .193 0.211 
Zn O.IN HCl p/m 3 3 3.5 3 .1 
Cu O.IN HCl p/m 2.9 2.1 2.1 2.4 
Fe O.IN HCl p/m 196 342 243 225 
Mn O. IN HCl p/m 66 80 60 90 
Cd O. IN HCl p/m 0.3 0.1 0.2 0.2 
Co O.IN HCl p/m 1.9 1.9 1.9 1.9 
Pb O.IN HC p/m 3 .1 1.9 2.5 2.5 
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. 1 Table 5A2-l. Chemical Analysis of Sediment Samples. {sheet 6 of 10) 
2 
3 Well E25-222 Well E25-223 
4 De~th {ft} De~th { ft} 
5 Parameter Units 3 42 55 3 39 48 
6 
7 
8 Alkalinity p/m as CaC03 180 166 270 130 202 216 
9 pH 7.6 8.61 8.51 7.82 8.61 8.49 

10 Conductivity mmho/cm 0.65 0.6 0.75 0.3 0.65 0.7 
11 Sodium absorption ratio 0.43 2.8 3.34 0.6 2.7 2.7 
12 Soluble Na p/m 9.4 41.4 58 5.7 45.7 49.1 
13 Soluble Ca p/m 10.3 7.8 9.6 1.8 10.5 10.5 
14 Soluble Mg p/m 16.1 5.3 8 3 6.8 8.8 
15 Soluble K p/m 32.9 9.6 11.5 18.2 10.4 11.5 
16 Cation exchange 
17 capacity Meq/100 g 3 .1 13.1 15.2 7.1 11.4 13.5 
1 Exchange Na p/m 14 84 92 10 60 70 
1 Exchange Ca* Meq/100 g 4 24.4 21.3 4.1 20.8 25.6 
2 Exchange K p/m 286 262 290 234 206 232 
2 Exchange Mg* Meq/100 g 1. 41 2.67 2.69 1.23 1. 79 2.33 
22 Cl p/m 3.31 1.54 0.56 <0.1 1.53 1. 21 
2 F p/m 0. 27 0.54 0.52 0.29 0.53 0.66 
24 Organic matt er% 0. 07 0.029 0.07 0. 27 0.01 0.14 
2s P03P p/m 9.39 7. 6 5.59 8. 19 3. 65 3.65 
26 S03S p/m 6.33 6.03 6.03 2.69 7.57 8.55 
27 N03N p/m 0.833 0. 636 0. 701 0.442 0. 506 0. 506 
2a.... Mo p/m 0.11 0.14 0 .16 0. 1 0. 15 0.14 
29 Zn DPTA** p/m 0.4 0.78 0.46 0.38 0.78 0. 56 
30- Cu DPTA p/m 0. 78 0.34 0.34 0.84 0.28 0.34 
31 Fe DPTA p/m 9.76 21.8 22 .6 14.6 17 22.2 
3 Mn DPTA p/m 3.2 5 3.8 4.6 2.6 5 
3 Cd DPTA p/m 0.04 0.06 0.04 0.04 0.04 0.02 
3 Co DPTA p/m 0.08 0.34 0.16 0.08 0 .16 0.25 
3~ Pb DPTA p/m 0.5 0.76 0.62 0.62 0.5 0.5 
36 As p/m 1.65 1. 71 1.46 2.1 1. 71 1.86 
37 Hg p/m 0.022 0.017 0.028 0.028 0. 017 0.022 
38 Se p/m 0.204 0.207 0.2 0.225 0.207 0.204 
39 Zn O.lN HCl p/m 2 2.3 2.6 3 2.7 2.8 
40 Cu O.lN HCl p/m 1.8 2.1 2.1 2. 1 2.1 2.4 
41 Fe O. lN HCl p/m 196 478 478 181 438 424 
42 Mn O. lN HCl p/m 44 117 103 33 90 140 
43 Cd O.lN HCl p/m 0 .1 0.3 0.2 <0.1 0.2 0.3 
44 Co O.lN HCl p/m 1.3 3 .1 3 .1 1.3 2.5 3.8 
45 Pb O.lN HCl p/m 1.3 2.5 2.5 1.3 2.5 3 .1 
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I Table 5A2-1. Chemical Analysis of Sediment Samples. (sheet 7 of 10) • 2 
3 Well 299-E25-224 
4 Oegth {ft} 
5 Parameter Units 3 45 51 
6 
7 
8 Alkalinity p/m as CaC03 137 144 137 
9 pH 7.91 8.6 8.57 

10 Conductivity mmho/cm 0.8 0.6 0.65 
11 Sodium absorption ratio 0.62 2.4 2.41 
12 Soluble Na p/m 16.6 42.8 39.4 
13 Soluble Ca p/m 21.9 11. 7 8.6 
14 Soluble Mg p/m 10.6 7.5 7 
15 Soluble K p/m 17 .8 10.9 9.8 
16 Cation exchange 
17 capacity Meq/100 g 6.9 7.7 9.2 
18 Exchange Na p/m 16 48 54 
19 Exchange Ca* Meq/100 g 4.4 15.5 21.6 
20 Exchange K p/m 192 174 182 

L1 21 Exchange Mg* Meq/100 g 1.33 1.49 1.84 
22 Cl p/m 11.8 1.42 0.5 
23 F p/m 0.36 0.51 0.53 
24 Organic matter % 0.27 0.1 0.09 
25 P03P p/m 5.59 3.65 3.93 

,.. 26 S03S p/m 9.58 10.3 11.1 
27 N03N p/m 0.571 0.571 0.506 
28 Mo p/m 0.11 0. 12 0.11 
29 Zn DPTA** p/m 0.38 0.34 0.44 
30 Cu OPTA p/m 0.66 0.38 0.44 
31 Fe OPTA p/m 7.4 20.8 16 
32 Mn DPTA p/m 2.4 5.4 2 .8 
33 Cd DPTA p/m 0.04 0.04 0.02 
34 Co OPTA p/m 0.08 0.34 0.25 
35 Pb OPTA p/m 0.62 1.12 0.38 
36 As p/m 1.68 1.83 I. 77 
37 Hg p/m 0.033 0.022 0.022 
38 Se p/m 0.218 0.218 0.193 
39 Zn O. IN HCl p/m 2.2 2.9 2.4 
40 Cu O.IN HCl p/m 2.4 2.4 2.1 
41 Fe O. IN HCl p/m 139 496 424 
42 Mn O.IN HCl p/m 32 96 98 
43 Cd 0. IN HCl p/m <0.1 0.2 0.3 
44 Co O. IN HCl p/m 0.6 1.9 2.5 
45 Pb O.IN HCl p/m 0.6 2.5 1.9 
46 
47 
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• 1 Table 5A2-l. Chemical Analysis of Sediment Samples. {sheet 8 of 10) 
2 
3 Well 299-E25-225 
4 DeQth {ft} 
5 Parameter Units 3 27 30 55 
6 
7 
8 Alkalinity p/m as CaC03 130 175 151 166 
9 pH 8.11 8.67 8.82 8.75 

10 Conductivity mmho/cm 0.35 0.45 0.5 0.4 
11 Sodium absorption ratio 0.58 7.7 7.78 4.63 
12 Soluble Na p/m 5.7 55.5 58.4 38 
13 Soluble Ca p/m 2.2 1.3 1.3 1.8 
14 Soluble Mg p/m 3 .1 1.6 1.8 2 
15 Soluble K p/m 10.9 8 8.2 8.1 
16 Cation exchange 
17 capacity Meq/100 g 7.1 13 .3 11. 5 12.6 
16 Exchange Na p/m 10 112 106 80 
19 Exchange Ca* Meq/100 g 5 .1 25. 4 25.1 20 .4 
2 Exchange K p/m 176 236 226 270 
2.! Exchange Mg* Meq/100 g 1.02 2.62 2. 56 2.64 
22 Cl p/m 0.24 0.93 1. 2 0.96 
23.. F p/m 0.38 0.86 0.89 0.65 
24 Organic matter % 0.26 0.09 0.09 0.09 
2-5"' P03P p/m 4.47 4. 2 4.2 4.2 
26 S03S p/m 2.21 4.95 5. 94 5. 28 
'[7 N03N p/m 0. 636 0.442 0.377 0.571 

i Mo p/m 0 .18 0.14 0.14 0.17 
Zn DPTA** p/m 0.3 4.26 1.38 1.22 

3.0.. Cu DPTA p/m 0.78 0. 94 0.5 0.34 
31 Fe DPTA p/m 5.2 15.4 15.2 19.4 
3'2-- Mn DPTA p/m 2.1 3 . 2 .8 2.2 
33 Cd DPTA p/m 0.04 0.06 0.04 0.06 
14 Co DPTA p/m 0.25 0.25 0.25 0.16 
3.5 Pb DPTA p/m 0.38 0.62 0.62 0.5 
16' As p/m 2.29 1.31 1.65 1.01 
37 Hg p/m 0.011 0.011 0.011 0.017 
38 Se p/m 0.221 0.211 0.214 0.171 
39 Zn O. lN HCl p/m 1.8 5.6 2.9 5.5 
40 Cu O.lN HCl p/m 2.4 2.6 2.4 1.8 
41 Fe O.lN HCl p/m 178 383 338 470 
42 Mn O.lN HCl p/m 30 119 84 87 
43 Cd O. lN HCl p/m 0.1 0.2 0.2 0.2 
44 Co O.lN HCl p/m 1.3 3 .1 2.5 2.5 
45 Pb O.lN HCl p/m 1.9 3.8 3 .1 3 .1 
46 
47 
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1 Table 5A2-l. Chemical Analysis of Sediment Samples. (sheet 9 of 10) • 2 
3 Well 299-E25-226 
4 De12th {ft} 
5 Parameter Units 3 21 42 48 
6 
7 
8 Alkalinity p/m as CaC03 144 117 135. 151 
9 pH 7.86 8.49 8.58 8.51 

10 Conductivity nvnho/cm 0.35 0.95 0.65 0.55 
11 Sodium absorption ratio 0.73 2.83 3.62 3.87 
12 Soluble Na p/m 8.7 58.4 51.4 53.6 
13 Soluble Ca p/m 2 19.4 5.9 6 .1 
14 Soluble Mg p/m 4.6 7.8 5.7 5 .1 
15 Soluble K p/m 12 11 9.7 9.9 
16 Cation exchange 
17 capacity Meq/100 g 8.2 13.2 13.2 13.8 

. 18 Exchange Na p/m 16 80 92 94 
19 Exchange Ca* Meq/100 g 4.9 26.3 23.4 18.5 

LJ 20 Exchange K p/m 200 216 252 256 
21 Exchange Mg* Meq/100 g 151 2.15 2.95 2.67 
22 Cl p/m 124 11 2.19 1.95 
23 F p/m 0.34 0.53 0.52 0.49 
24 Organic matter % 0.23 0. 17 0.16 0. 11 
25 P03P p/m 7.02 4.47 3.65 3.12 
26 S03S p/m 1.64 15 .7 13.8 9.54 
27 N03N p/m 0. 506 0.506 0.899 0.506 
28 Mo p/m 0.14 0.21 0. 2 0.19 
29 Zn DPTA** p/m 0.38 0.42 0. 62 0.34 
30 Cu DPTA p/m 0.94 0.34 0.34 0.44 
31 Fe DPTA p/m 13.8 16 25.4 18 .6 
32 Mn DPTA p/m 5.6 2.8 6 2. 4 
33 Cd DPTA p/m 0.04 0.06 0.06 0.06 
34 Co DPTA p/m 0.25 0.25 0.34 0.16 
35 Pb DPTA p/m 0.5 0.62 0. 76 0.5 
36 As p/m 2.04 1.34 1.28 1.2 
37 Hg p/m 0.006 0.011 0. 017 0.017 
38 Se p/m 0.186 0.211 0.193 0.189 
39 Zn O. IN HCl p/m 1. 7 2.2 2.6 2.2 
40 Cu O. IN HCl p/m 2.1 1.8 2.4 2.4 
41 Fe O. IN HCl p/m 217 353 1494 475 
42 Mn O. IN HCl p/m 43 97 181 79 
43 Cd O. IN HCl p/m 0.1 0.3 0.2 0.1 
44 Co O. IN HCl p/m 1.3 1.9 4.4 2. 5 
45 Pb O. IN HCl p/m 1.9 3.8 3.8 2. 5 
46 
47 
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Table 5A2-l. Chemical Analysis of Sediment Samples. (sheet 10 of 10) 

Parameter 

Alkalinity 
pH 

p/m as CaC03 

Conductivity nvnho/cm 
Sodium absorption ratio 
Soluble Na p/m 
Soluble Ca p/m 
Soluble Mg p/m 
Soluble K p/m 
Cation exchange 

capacity 
Exchange Na 
Exchange Ca* 
Exchange K 
Exchange Mg* 
Cl 
F 
Organic matter 
P03P 
S03S 
N03N 
Mo 
Zn DPTA** 
Cu DPTA 
Fe DPTA 
Mn DPTA 
Cd DPTA 
Co DPTA 
Pb DPTA 
As 
Hg 
Se 
Zn O.IN HCl 
Cu O.IN HCl 
Fe O.lN HCl 
Mn O. IN HCl 
Cd 0.IN HCl 
Co 0.lN HCl 
Pb O. IN HCl 

Meq/100 g 
p/m 
Meq/100 g 
p/m 
Meq/100 g 
p/m 
p/m 
% 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 
p/m 

Well E25-227 

3 

126 
8.03 

0.4 
0.45 

5 
2 

4.4 
45.2 

5.9 
10 

3.2 
276 

1.23 
1.34 
0.19 
0.46 
12.5 
5.61 
1.03 
0. I 

0.62 
0.53 
11.4 
2.6 

0.04 
0.16 
0.25 
I. 71 

0.017 
0.179 

3.2 
1.8 
166 
33 

0. I 
0.6 
1.3 

Depth (ft) 
30 

168 
8.6 
0.6 

6.09 
57.6 
2.5 
2.6 

11. 7 

11 
84 

19.6 
252 

1.85 
9. 14 
0. 77 
0.11 
3.12 
4.63 

0.377 
0.18 
0.7 

0.34 
13.4 
2.4 

0.06 
0.25 
0.5 

I. 98 
0.011 
0.221 

3.4 
2.4 
458 

90 
0.2 
3. I 
3 .1 

55 

144 
8.61 

0.5 
3.75 
38.1 
2.7 
3 .1 
9.2 

12.3 
72 

25.4 
268 

2.82' 
I. 78 
0.66 
0. 15 
3.65 
6.28 

0.442 
0.15 
0.68 
0.38 

31 
9.2 

0.06 
0.34 
0.5 
2.5 

0.011 
0.204 
3. I 
2.6 
755 
165 
0.3 
3.8 
3.8 

*The exchangeable calcium and magnesium may also contain significant 
amounts of soluble calcium and magnesium when free CaC03 and MgCOz exist 
in the soil. 

**DPTA = Diphenyl tetraacetic acid . 
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RADIONUCLIDE ANALYSES OF SEDIMENT SAMPLES 

DOE/RL 88-27 
Rev. 1, 01/17/90 

This appendix contains the results of radionuclide analyses performed on 
sediment samples collected at or near the GTF. These analyses were performed 
by- U.S. Testing Company, Richland, Washington, following their standard 
procedures. Samples for analyses were collected from 16 wells at various 
depths from the ground surface. The well numbers are all prefixed by 
299-E25 and include: 25 through 27, 208, 210, 212 through 214, 217, and 221 
through 227. A list of constituents including surface soil contamination 
limits and detection limits in picocuries per gram is presented in Table 5A3-l. 
Table 5A3-2 presents radionuclide constituent data by well and depth . 

Except for 40K and the natural uranium/thorium decay series radisnuclides, 
nearly all analyses listed are near or below detection limits. The K, 
uranium, thorium, and radium contents are consistent with crustal average 
values for similar lithologic materials. Thus, the radiological baseline 
for the vadose zone beneath the proposed vault locations should be at or 
near natural background (or detection limits for the artificial radionuclides). 

REFERENCES 

RHO, 1987, Environmental Protection Manual, RHO-MA-139, Rockwell Hanford 
Operations, Richland, Washington. 

WHC, 1988, Environmental Compliance Manual, WHC-CM-7-5, Westinghouse 
Hanford Company, Richland, Washington . 
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Table 5A3-l. Surface Soil Contamination Limits and 
Detection Limits for Radionuclide Constituents. 

Constituent 
(pCi/g) 

K-40 
Co-60 
Zn-65 
Eu-152 
Mn-54 
Co-58 
Nb-95 
Zr-95 
Cs-137 
Cs-134 
Ru-106 
Ce-141 
Ra-224 
Ce-144 
Eu-155 
Eu-154 
Ra-226 
Th-232 
Pu-239/40 
Pu-238 
u 
Sr-89 
Sr-90 

Surface soil 
contamination 

limitsa 

2.00 E+02 
3.00 E+02 
2.00 E+03 
8.00 E+02 
1.00 E+03 
9.00 E+02 
1.00 E+03 
6.00 E+02 
4.00 E+02 
4.00 E+02 
1.00 E+02 
9.00 E+02 
5.00 E+Ol 
1.00 E+02 
2.00 E+02 
2.00 E+02 
3.00 E+02 
6.20 E+Ol 
6.00 E+Ol 
6.00 E+Ol 
2.50 E+02 
3.00 E+02 
4.00 E+02 

Detection limits 
(pCi/g) 

3.50 E-01 
2.00 E-02 
4.00 E-02 
1. 10 E-01 
2.00 E-02 
2.00 E-02 
3. 00 E-02 
3.00 E-02 
2.00 E-02 
2.00 E-02 
1.70 E-01 
2.00 E-02 
4.00 E-02 
1.80 E-01 
5.00 E-02 
5.00 E-02 
5.00 E-02 
4.00 E-02 
6. 00 E-04 
6.00 E-04 
1.00 E-02 
2.50 E-01 
2.50 E-02 

aWHC (1988) [Information formerly contained in 
RHO (1987)]. 
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~ Table 5A3-2. Radionuclide Constituent Data by Well and Depth. (sheet 1 of 9) 

~ Well 299-E25-25 

gConstituent Depth (ft) 
7 {pCi/g) 100 105 llO ll5 120 125 8 
9 K-40 1. 28 E+Ol 1.12 E+Ol 1. 10 E+Ol 1.05 E+Ol I. 19 E+Ol I. 31 E+Ol 

10 Co-60 a a 2.88 E-02 a a a 
11 Zn-65 a a a a a a 
12 Eu-152 1.24 E-01 7.81 E-02 7.76 E-02 1.29 E-01 1.19 E-01 a 
13 Mn-54 a 2.71 E-02 1.89 E-02 a a a 
14 Co-58 a a a a a 6.44 E-02 
15 Nb-95 a a a a a a 
16 Zr-95 a a a a a a 

)> 17 Cs-137 a a a a a a 
~ 18 Cs-134 a 3.03 E-02 3.64 E-02 a 4.89 E-02 4.98 E-02 ~ 

U'1 19 Ru -106 a a a a a a 
)> 20 Ce-141 a a a 7.47 E-01 a a w 
I 21 Ra-224 6.53 E-01 6.78 E-01 5.98 E-01 5.06 E-01 6.58 E-01 6.57 E-01 w 

22 Ce -144 a a a a a a 
23 Eu-155 a a a a a a 
24 Eu-154 a a a a a a 
25 Ra-226 5.37 E-01 4.39 E-01 4.90 E-01 4.23 E-01 4.67 E-01 4.70 E-01 
26 Th-232 5.65 E-01 5.87 E-01 5. 18 E-01 7. 26 E-01 5.69 E-01 5.69 E-01 
27 Pu-239/40 a a a a a a 
28 Pu -238 a a a a a a 
29 u 3.73 E-01 3.26 E-01 3.66 E-01 4.57 E-01 5.43 E-01 4.44 E-01 

,0 
30 Sr-89 a 4.86 E-01 5.69 E-01 a 5.18 E-01 1.70 E-01 (D 

31 Sr-90 2.72 E-02 3.14 E-02 2.35 E-02 5.19 E-02 2.44 E-02 5.29 E-02 < . 
C 

..-o .. ,.,, 
........ 

0,0 .._. r 
........ 
.._. (X) 
-..J (X) 

......_ I 
\ON 
0 -..J 
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~ Table 5A3-2. Radionuclide Constituent Data by Well and Depth. (sheet 2 of 9) 

~ Wel 1 299-E25-26 

~Constituent Depth (ft) 
7 (pCi/g) 35 55 60 65 70 75 130 8 
9 K-40 1.11 E+Ol 1.32 E+Ol 1.37 E+Ol 1.37 E+Ol 1. 33 E+Ol 1.60 E+Ol 1.69 E+Ol 

10 Co-60 a a a a a a a 
11 Zn-65 a a a a a a a 
12 Eu-152 a a 1.01 E-01 8.91 E-02 8.15 E-02 1.50 E-01 a 
13 Mn-54 a a a a a a 3.13 E-02 
14 Co-58 a a a a a a a 
15 Nb-95 a a a a a a a 
16 Zr-95 a a 1. 63 E-01 a a a 1. 49 E-01 

)> 17 Cs-137 1.25 E-02 a a a a a a 
"'t:I 18 -Cs-134 3.80 E-02 a a 4.94 E-02 6.47 E-02 a 3.47 E-02 "'t:I 

u, 19 Ru-106 a a a a a a a 
)> 20 Ce-141 a a a a a 9.50 E-01 a w 
I 21 Ra-224 6.49 E-01 6.13 E-01 6.58 E-01 7 .18 E-01 7.90 E-01 8.75 E-01 9.78 E-01 ~ 

22 Ce-144 -- a a a a a a a 
23 Eu-155 6.51 E-02 a a 9.67 E-02 a a a 
24 Eu-154 a 9.00 E-02 a a a a 5.87 E-02 
25 Ra-226 4.76 E-01 5.04 E-01 4.27 E-01 4.63 E-01 5.55 E-01 5.25 E-01 5.78 E-01 
26 Th-232 5.55 E-01 8.05 E-01 5.62 E-01 6.15 E-01 6.77 E-01 7.50 E-01 8.40 E-01 
27Pu-239/40 a a a a a a a 
28 Pu-238 a a a a 5.36 E-04 a a 
29 u 2.31 E-01 2.47 E-01 2.75 E-01 4.98 E-01 4.93 E-01 2.44 E-01 2.40 E-01 
30 Sr-89 6.60 E-01 4.13 E-01 2.77 E-01 2.02 E-01 1.97 E-01 6.40 E-01 1.89 E-01 :::c 

31 Sr-90 1.76 E-02 8.39 E-03 2.29 E-02 1.14 E-02 8.01 E-03 5.95 E-03 
ct> 

a < . 
C 

-o .. rr, 
....... 

0 :::c -· ....... 
-co ......, co ....... , 
ION 
0 -....J 

• • 
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! Table 5A3-2. Radionuclide Constituent Data by Well and Depth. (sheet 3 of 9) 

~ Well 299-E25-27 

6Constituent Depth ( ft) 
7 (pCi/g) 5 10 85 90 95 100 105 8 
9 K-40 1.35 E+Ol I. 27 E+Ol 1.19 E+Ol 1. 21 E+Ol 1.06 E+Ol I. 15 E+Ol 1.25 E+Ol 

10 Co-60 a a 4.15 E-02 a a a a 
11 Zn-65 a a a a a a 
12 Eu-152 a 7.25 E-02 a a 7.37 E-02 1.06 E-01 a 
13 Mn-54 a a a a a a a 
14 Co-58 a a a a a a a 
15 Nb-95 a a 2.18 E-01 2.36 E-01 a a a 
16 Zr-95 a a 2.32 E-01 1.46 E-01 a a a 

)> 17 Cs-137 1. 86 E-01 7.98 E-02 a a a a a 
"'0 18 Cs-134 3.83 E-02 2.05 E-02 a a 4.16 E-02 3.32 E-02 2.82 E-02 "'0 

u, 19 Ru-106 a a a 3.86 E-01 a a a 
)> 20 Ce-141 a a a a a a a w 
I 21 Ra-224 9.67 E-01 8.46 E-01 5.88 E-01 6.07 E-01 6.51 E-01 6.55 E-01 7. 54 E-01 u, 

22 Ce-144 a a a a a a a 
23 Eu-155 7.35 E-02 6.67 E-02 a a a a a 
24 Eu-154 a a a a a a a 
25 Ra-226 6.77 E-01 5.95 E-01 4.31 E-01 4.45 E-01 4.51 E-01 4.17 E-01 4. 75 E-01 
26 Th-232 8.60 E-01 7.52 E-01 7.62 E-01 6.96 E-01 5.80 E-01 5.83 E-01 6. 72 E-01 
27 Pu-239/40 1. 99 E-03 1.25 E-03 a a a a 5.80 E-04 
28 Pu-238 7.60 E-04 a a a a a a 
29 u 4.24 E-01 5.23 E-01 . 3.65 E-01 3.21 E-01 4.45 E-01 3.46 E-01 3.31 E-01 
30 Sr-89 2.28 E-01 1.76 E-01 1.51 E-01 a a 4.26 E-01 a :::c 

(I) 

31 Sr-90 6.50 E-02 3.54 E-02 a 1.61 E-02 2. 29 E-02 3.29 E-02 2.11 E-02 < . 
c:, 

,....0 
.. l"T'1 ...... 
0 :::c ,...., 

I ...... 
,.... (X) 
....., (X) I 
..._, I 
IDN I 

0-...J I 
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! Table 5A3-2. Radionuclide Constituent Data by Well and Depth. (sheet 4 of 9) 

~ Well 299-E25-27 (cont) 

6Constituent Depth (ft) 
7 (pCi/g) ll0 ll5 120 125 130 135 140 8 
9 K-40 1.23 E+0l 1.27 E+0l 1.39 E+0l 1. 28 E+0l 1. 58 E+0l 1. 43 E+0l 1. 49 E+0l 

10 Co-60 a a a a 3.33 E-02 a a 
ll Zn-65 a a a a a a a 
12 Eu-152 1.38 E-01 a 8. 71 E-02 9.80 E-02 a b a 
13 Mn-54 a a a a a b a 
14 Co-58 a a a a a a a 
15 Nb-95 a a a a a a a 
16 Zr-95 a a 9.93 E-02 8.93 E-02 4.31 E-01 a a 

)> 17 Cs-137 a a a a 3.00 E-02 a a .,, .,, 18 Cs-134 a 3.07 E-02 3.10 E-02 2.50 E-02 a a 4. 54 E-02 
u, 19 Ru-106 a a a a a a a )> 
w 20 Ce-141 a a a a a a a I 

°' 21 Ra-224 5.96 E-01 7.70 E-01 8.84 E-01 8.31 E-01 1. 24 E+00 6.18 E-01 8.70 E-01 
22 Ce-144 a a a a a a a 
23 Eu-155 a a a 5.57 E-02 a a b 
24 Eu-154 8.16 E-02 a a a a a a 
25 Ra-226 5.38 E-01 4.63 E-01 6.02 E-01 5.52 E-01 6.21 E-01 4.32 E-01 5.88 E-01 
26 Th-232 8.91 E-01 6.86 E-01 7.87 E-01 7.39 E-01 1. 10 E+00 5.50 E-01 7.75 E-01 
27 Pu-239/40 a a a a a a a 
28 Pu-238 a a a a a a a 
29 u 2.67 E-01 2.95 E-01 3.22 E-01 4.10 E-01 3.07 E-01 3.80 E-01 3.36 E-01 
30 Sr-89 2.10 E-01 3.90 E-01 a a 2.34 E-01 2.01 E-01 3. 12 E-01 ;;:o 

ro 
31 Sr-90 a 1.49 E-02 1.99 E-02 3.49 E-02 2.03 E-02 b b < . 

c::, 
..... o .. l'T1 ....... 
0 ;;:o ..... , 
....... 
..... (X) 
-..J (X) 

....._ I 
I.ON 
0 -..J 
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~ Table 5A3-2. Radionuclide Constituent Data by Well and Depth. (sheet 5 of 9) 
------------------------------------4 Well 299-E25-208 Well 299-E25-210 Well 299-E25-212 

SConstituent 
7 (pCi/g) 20 25 8 
9 K-40 1.17 E+0l 1.16 E+0l 

10 Co-60 2.70 E-02 a 
11 Zn-65 4.38 E-02 1. 29 E-01 
12 Eu-152 a a 
13 Mn-54 2.47 E-02 a 
14 Co-58 6.43 E-02 6.00 E-02 
15 Nb-95 1.83 E+00 6.53 E-01 
16 Zr-95 4.06 E-02 8.37 E-02 
17 Cs-137 a a 
18 Cs-134 3.91 E-02 a 
19 Ru-106 a a 
20 Ce-141 8.64 E-01 3.76 E+00 
21 Ra-224 7.12 E-01 6.22 E-01 
22 Ce-144 a a 
23 Eu-155 8.29 E-02 a 
24 Eu-154 a 5.32 E-02 
25 Ra-226 5.01 E-01 4.49 E-01 
26 Th-232 5.72 E-01 7.24 E-01 
27 Pu-239/40 a a 
28 Pu-238 a 6.11 E-04 
29 u 3.25 E-01 4.24 E-01 
30 Sr-89 4.16 E+00 4.99 E+00 
31 Sr-90 a a 

Depth (ft} 

24 

1.04 E+0l 
a 
a 
a 
a 

4.46 E-02 
1.28 E+00 
3.99 E-01 
2.67 E-02 
3.03 E-02 

a 
1. 18 E+00 
6.45 E-01 

a 
a 
a 

4.04 E-01 
5.13 E-01 

a 
a 

3.63 E-01 
1.09 E+0l 

a 

20 

1.16 E+0l 
2.07 E-02 
1.62 E-01 

a 
3.16 E-02 
2.27 E-01 
8.61 E-01 
2.03 E-01 

a 
2.51 E-02 
2.81 E-01 
2.59 E-01 
5.12 E-01 

a 
a 
a 

3.93 E-01 
5.83 E-01 

a 
a 

4.07 E-01 
6.89 E+00 

a 

25 

1. 15 E+0l 
2.47 E-02 
4.78 E-02 

a 
a 

6.53 E-02 
1.89 E+0O 
2.55 E-01 

a 
5.06 E-02 

a 
4.30 E-02 
5.71 E-01 

a 
a 
a 

3.98 E-01 
4.92 E-01 

a 
a 

2.08 E-01 
7.16 E+00 

a 

• 

:;:c 
(1) 
< . 

0 
1--'0 .. r,, 

........ 
0 :;:c 
...... r 

........ 
1--' CX> 
....., CX> 

......_ I 
\ON 
o-..., 
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! Table 5A3-2. Radionuclide Constituent Data by Well and Depth. (sheet 6 of 9) 

~ Well 299-E25-213 E25-214 E25-217 E25-221 

6Constituent Depth ( ft) 
7 {pCi/g) 17.5 22.5 21 24.5 14 8 
9 K-40 1.08 E+Ol 1.05 E+Ol 1. 25 E+Ol 1. 21 E+Ol 1. 21 E+Ol 

10 Co-60 a a a 2.10 E-02 a 
11 Zn-65 a a 5.51 E-02 8.97 E-02 2.48 E-01 
12 Eu-152 a a a 1.45 E-01 1.16 E-01 
13 Mn-54 a a a a a 
14 Co-58 1.05 E-01 5.94 E-02 5.72 E-02 a 3.10 E-02 
15 Nb-95 1. 72 E+OO 4.73 E-01 4.46 E-01 1.30 E+OO 4.07 E-01 
16 Zr-95 1.71 E-01 3.46 E-02 1.89 E-01 5.46 E-02 4.93 E-01 

)> 17 Cs-137 1.31 E-01 3.49 E-02 a a 9.03 E-02 
" " 18 Cs-134 3.84 E-02 a 3.64 E-02 5.34 E-02 a 
u, 19 Ru-106 a a a a a )> 
w 20 Ce-141 4.25 E-01 1.48 E+OO 9.50 E-01 1. 43 E+OO 6.44 E+OO I 
(X) 21 Ra-224 6.58 E-01 6.42 E-01 7.56 E-01 8.36 E-01 5. 54 E-01 

22 Ce-144 a a 1.19 E-01 a 4.74 E-01 
23 Eu-155 a 7.95 E-02 a a 1.06 E-01 
24 Eu-154 a a 7.26 E-02 a a 
25 Ra-226 4.11 E-01 4.01 E-01 4.33 E-01 4.75 E-01 4.55 E-01 
26 Th-232 5.26 E-01 5.13 E-01 6.04 E-01 6.64 E-01 7.94 E-01 
27 Pu-239/40 6.15 E-04 a a a 2.41 E-02 
28 Pu-238 a a a a a 
29 u 2.77 E-01 2.32 E-01 2.00 E-01 3.05 E-01 3.41 E-01 
30 Sr-89 3.87 E+OO 8.60 E+OO 4.35 E+OO 8.62 E+OO 1. 93 E+OO ,c 

31 Sr-90 a a a a 2. 74 E-02 (l) 
< . 

c:, 
1--'0 
.. l'T1 

....... 
0:::0 ..... , 

....... 
..... (X) 
....., (X) 

....._ I 
\ON 
0 ....., 

• • -- -
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~ Table 5A3-2. Radionuclide Constituent Data by Well and Depth. (sheet 7 of 9) 

~ Well 299-E25-222 Well 299-E25-223 

6Constituent Depth (ft} 
7 (pCi/g} 3 42 55 3 39 48 8 
9 K-40 1. 55 E+0l 1.09 E+Ol 1. 12 E+0l 1. 55 E+0l 1. 15 E+0l 1.19 E+0l 

10 Co-60 a a a 1.86 E-02 a 1.55 E-02 
11 Zn-65 a a a a a a 
12 Eu-152 a 7.17 E-02 a 8.51 E-02 a 6.83 E-02 
13 Mn-54 1.97 E-02 a a a a a 
14 Co-58 a a a a a a 
15 Nb-95 a a a a a a 
16 Zr-95 4.04 E-02 3.81 E-02 a a 2.93 E-02 a 

)> 17 Cs-137 1. 28 E+00 4.29 E-02 1.57 E-02 3.37 E-01 1.26 E-02 4 .. 20 E-02 
-0 18 Cs-134 4.52 E-02 1.71 E-02 2.79 E-02 2.96 E-02 3.29 E-02 -0 a 
U'I 19 Ru-106 1. 73 E-01 a a a a a 
)> 

20 Ce-141 w a a a a a a 
I 

21 Ra-224 9.27 E-01 5.83 E-01 5.28 E-01 9.40 E-01 5.74 E-01 6.11 E-01 '° 22 Ce-144 a a a a a a 
23 Eu-155 8.36 E-02 a a a a a 
24 Eu-154 a a a 4.92 E-02 a a 
25 Ra-226 7.38 E-01 4.81 E-01 4.73 E-01 6.71 E-01 3.90 E-01 4.31 E-01 
26 Th-232 8.94 E-01 5.62 E-01 5.09 E-01 9.11 E-01 5.57 E-01 5.92 E-01 
27 Pu-239/40 6.33 E-03 5.24 E-03 1.09 E-03 3.67 E-03 8. 77 E-04 9.22 E-03 
28 Pu-238 a a a a a a 
29 u 3.01 E-01 3.56 E-01 3.25 E-01 2.58 E-01 2.92 E-01 4.11 E-01 
30 Sr-89 9.86 E-02 3.24 E-02 4.21 E-02 6.64 E-02 6.42 E-02 a 
31 Sr-90 4.34 E-02 1.28 E-02 1.39 E-02 9. 71 E-03 7.84 E-02 1.16 E-02 

:;c 
(l) 
< . 

c:, 
1-'0 
.. l'T'I ...... o:;c ..... , ...... 
..... (X) 

"' (X) ....._ I 
\ON 
0--..J 



'J I 7 

~ Table 5A3-2. Radionuclide Constituent Data by Well and Depth. (sheet 8 of 9) 

~ Well 299-E25-224 Well 299-E25-225 

6Constituent Depth (ft) 
7 (pCi/g) 3 45 51 3 27 30 55 8 

-
9 K-40 1.49 E+0l 1.16 E+0l 1.12 E+0l 1.46 E+0l I. 20 E+0l 1.20 E+0l I. 15 E+0l 

10 Co-60 a a a a a 1.86 E-02 a 
11 Zn-65 a a 4.12 E-02 a a a a 
12 Eu-152 a a 1.28 E-01 a a I. 03 E-01 a 
13 Mn-54 2.10 E-02 a a a a a a 
14 Co-58 a a a a a a a 
15 Nb-95 a a a a a a a 
16 Zr-95 a a a a a a a 

)> 17 Cs-137 2.14 E-02 1.26 E-02 a 1.94 E-02 a a I. 77 E-02 "'C 
"'C 18 Cs-134 3.28 E-02 2.83 E-02 3.59 E-02 2.15 E-02 2.69 E-02 I. 94 E-02 1.92 E-02 
u, 19 Ru-106 a a a a a a a )> 
w 20 Ce-141 a a I a a a a a ..... 21 Ra-224 8.47 E-01 5.32 E-01 5.00 E-01 9.61 E-01 6.87 E-01 6.47 E-01 5.89 E-01 0 

22 Ce-144 a a a a a a a 
23 Eu-155· 7.02 E-02 a a a 1.16 E-01 a 4.81 E-02 
24 Eu-154 a a a a a 6.25 E-02 a 
25 Ra-226 6.79 E-01 4.14 E-01 3.74 E-01 7.07 E-01 4.71 E-01 4.68 E-01 4.06 E-01 
26 Th-232 8.34 E-01 5.24 E-01 4.93 E-01 9.33 E-01 6.67 E-01 6.29 E-01 5.73 E-01 
27 Pu-239/40 6.06 E-04 a a 5.80 E-04 a a a 
28 Pu-238 a a a a a a 8.62 E-04 
29 u 4.29 E-01 4.10 E-01 2.92 E-01 3.10 E-01 4.63 E-01 3.12 E-01 2.12 E-01 
30 Sr-89 4.02 E-02 a a 4.49 E-02 3.90 E-02 6.44 E-02 4.73 E-02 

::0 
31 Sr-90 a a a a a a a ro 
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1 Table 5A3-2. Radionuclide Constituent Data by Well and Depth. (sheet 9 of 9) 
2 

~ Well 299-E25-226 Well 299-E25-227 

~ Constituent Depth (ft) 
7 (pCi/g) 3 21 42 48 3 30 55 8 

9 K-40 1. 57 E+Ol 1.16 E+Ol 1. 28 E+Ol 1. 20 E+Ol 1. 60 E+Ol 1. 22 E+Ol 1. 10 E+Ol 
10 Co-60 a a a a a a a 
11 Zn-65 a a a a a a a 
12 Eu-152 9.00 E-02 7.76 E-02 a 9.82 E-02 a 1. 23 E-01 1.12 E-01 
13 Mn-54 3.32 E-02 a a a 2.34 E-02 a 1.36 E-02 
14 Co-58 a a a a a a a 
15 Nb-95 a a a a a a a 
16 Zr-95 a a a a a a 2.81 E-02 

)> 
17 Cs-137 2.36 E-02 2.88 E-02 2.09 E-02 a a "0 a a 

"0 18 Cs-134 4.85 E-02 3.63 E-02 2.53 E-02 3. 15 E-02 4.41 E-02 a a 
u, 

19 Ru-106 )> a a a a a a a 
w 20 Ce-141 I a a a a a a a - 21 Ra-224 9.38 E-01 6.45 E-01 6.52 E-01 6.04 E-01 8.46 E-01 6.96 E-01 5.61 E-01 - 22 Ce-144 a a a a a a a 

23 Eu-155 a 7.70 E-02 a a a 4.76 E-02 a 
24 Eu-154 a a a a a a a 
25 Ra-226 6.65 E-01 4.62 E-01 4.47 E-01 4.47 E-01 6.99 E-01 5.07 E-01 4.46 E-01 
26 Th-232 9.16 E-01 6.30 E-01 6.37 E-01 5.90 E-01 8.29 E-01 6.81 E-01 5.49 E-01 
27 Pu-239/40 4.94 E-04 9.10 E-04 1.78 E-03 a a 6.27 E-04 9.74 E-04 

. 28 Pu-238 a a a a a a a 
29 u 3.69 E-01 2.29 E-01 3.80 E-01 3.11 E-01 3.22 E-01 3.33 E-01 4.30 E-01 
30 Sr-89 3.55 E-02 2.88 E-02 a 2.42 E-02 3.54 E-02 2.11 E-02 5.29 E-02 ;;c 

~! Sr-90 a a a a a a a (t) 
< . 

33 aless than detection limit. 
0 

-o 
.. l"T'I 

34 bTotal error greater than 50% of the result value. 
........ o;;c -· ........ 
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APPENDIX 5A-4 

SEDIMENT MOISTURE DATA 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Moisture analyses calculated from samples collected during the drilling 
of selected boreholes in the vicinity of the Grout Treatment Facility are 
presented in Table 5A4-l. The wells, prefixed by 299-E25, include 222 through 
227, 234, 235, 25 through 30, 32, and 33. Moisture samples were collected, 
dried, and weighed. Percent by weight water was calculated according to 
the procedure presented following Table 5A4-l . 

APP 5A4-l 
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Rev. 1, 01/17/90 

Table 5A4-l. Sediment Moisture Data for Selected Boreholes in the 
Vicinity of the Grout Treatment Facility. (sheet 1 of 10) 

Borehole 299-E25-222 

Depth 
(ft) 

3 
6 
9 

12 
15 
18 
21 
24 
27 
30 
33 
38 
40 
42 
45 
48 
51 
55 

Moisture 
(wt%) 

3.0 
3.2 
3.5 
3 .1 
2.7 
3 .1 
2.9 
3 .1 
3.0 
3.9 
4.0 
4.9 
3.0 
4.4 
3.2 
4.4 

no data 
5.0 

Comments 

Borehole 299-E25-224 

Depth 
(ft) 

3 
6 
9 

12 
15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 
51 
55 

Moisture 
(wt%) 

3.4 
6.7 
2.9 
2.7 
2.4 
2.3 
2.1 
2.6 
2.5 
2.6 
2.4 
2.8 
2.8 
2.7 
3.2 
2.9 
3.2 
2.9 

Comments 

Borehole 299-E25-223 

Depth 
(ft) 

3 
6 
9 

12 
15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 
51 
55 

Moisture 
(wt%) 

1.1 
3.6 
3.4 
2.6 
2.9 
2.7 
2.8 
2.6 
3.1 
3.2 
3.0 
3.1 
4.1 
4.0 
3.9 
4.4 
3.5 
4.3 

Comments 

Borehole 299-E25-225 

Depth 
(ft) 

3 
6 
9 

10 
12 
15 
18 
21 
24 
25.5 
27 
30 
33 
36 
39 
42 
45 
48 
51 
55 

APP 5A4-2 

Moisture 
(wt%) 

2.1 
6.0 
4.3 
4.3 
4.0 
3.2 
4 .1 
4.4 
4.1 

11.4 1 
15.6 1 
19.5 
5.5 
7.3 
8.1 
6.7 
6.8 
7.0 
7.2 
7.9 

Comments 

in. silty vf to fs lens 
in. silty vf to fs lens 

silty vfs lens 

• 
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DOE/RL 88-27 
Rev. 1, 01/17/90 

Table 5A4-1. Sediment Moisture Data for Selected Boreholes in the 
Vicinity of the Grout Treatment Facility . {sheet 2 of 10) 

Borehole 299-E25-226 Borehole 299-E25-227 

Depth Moisture Comments Depth Moisture 
{ft) {wt%) {ft) {wt%) 

3 2.2 3 4.0 
6 5.9 6 3.9 
9 2.8 9 4.7 

12 2.5 12 3.6 
15 2.8 15 2.6 
18 3.4 18 2.5 
21 4.3 21 2.6 
24 4.4 24 no data 
27 3.9 27 2.7 
30 3.9 30 5.4 
33 3.4 33 2.9 
36 3.8 36 2.6 
39 3.5 39 3 .1 
42 4.8 42 3.5 
45 3.6 45 3.0 
48 4.8 48 3.3 
51 3.4 51 4.2 
55 4.0 55 4.5 

Borehole 299-E25-234 

Depth 
{ft) 

17.30 
22.70 
29.10 
39.00 
43.60 
51.50 
58.50 
63.20 
75.40 
87.25 
97.20 

106.20 
121. 60 
130.25 
139.20 

Moisture 
{wt%) 

12.5 
6.0 
6.0 

45.5 
8.3 
5.5 
4.4 
5.8 

18.2 
3.7 
4.9 
4.8 
4.7 
6.0 
4.8 

Comments 

low-value sand [f] 
low-value silty sand [f] 

silty sand [f] 
high-value sand [f] some clay 

slightly silty sand [m-f] 
sand [m-f] 
silty sand [m-f] 
sand [m-f] 
thinly bedded silt 
sand [m-f] some silt 
sand [f] 
sand [m] 
sand [m] 
sandy [m-f] gravel 
silty sand [c] 

APP 5A4-3 

Comments 



""' 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Table 5A4-l. Sediment Moisture Data for Selected Boreholes in the • 
Vicinity of the Grout Treatment Facility. (sheet 3 of 10) 

Borehole 299-E25-235 

Depth Moisture Comments 
(ft) (wt%) 

5 2.7 silty sand [f-vf] 
10 3.7 slightly silty gravelly sand [vc-m] 
15 3.0 slightly silty gravelly sand [vc-m] 
20 2.9 sand [c-f] 
25 3.0 sand [c-f] 
30 3.5 sand [vc-f] 
35 3.6 sand [c-f] 
40 5.5 slightly silty sand [m-f] 
45 3.6 sand [c-f] 
50 3 .1 sand [c-m] 
55 4 .1 sand [c-f] 
60 5.2 sand [c-m] 
65 2.9 sand [c-f] 
70 4.9 sand [c-vf] 
75 4.0 sand [c-f] 
80 5.2 sand [c-f] 
85 5.0 sand [c-f] 
90 9.9 sand [c-f] 
95 7.2 sand [c-f] mostly m-f 

100 4.0 slightly silty sand [c-vf] mostly m-vf 
105 4.8 sand [m-f] 
110 11.0 slightly silty sand [m-vf] 
115 23.8 sand [m-f] well bedded 
120 9.4 slightly silty sand [c-vf] mostly m-f 
125 10.9 sand [c-f] high CaC03 
130 2.6 sand [c-f] 
135 2.2 sand [c-f] 
140 2.3 sand [c-f] 
145 1.9 slightly gravelly sand [vc -f] 
150 2.3 sand [c-f] 
155 1.5 sand [vc-f] 
157 2.3 gravelly sand [vc-m] 
160 2.1 slightly gravelly sand [vc-m] 
165 1.5 sand [vc-f] 
170 1. 9 slightly silty sand [vc-f] mostly c-m 
172 .5 2.0 sandy [vc-f] gravel 
174 1. 7 silty sandy [vc-m] gravel 

• 
APP 5A4-4 
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Table 5A4-1. Sediment Moisture Data for Selected Boreholes in the 
Vicinity of the Grout Treatment Facility. (sheet 4 of 10) 

Well 299-E25-25 

Depth 
(ft) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 

Moisture 
(wt%) 

9.6 
3.2 
2.5 
2.5 
2.6 
2.6 
2.8 
2.9 
2.8 
3.7 
3.6 
3.8 
3.8 
4.8 
5.7 
6.4 
6.6 
6.5 
7.1 

12.7 
7.9 
7.9 
9.2 
8.9 

10.2 
3.2 
2.9 
3.5 
3.0 
2 .8 

no data 
2.2 
2.5 
3.0 

Comments 

sandy silt; 67% silt 

slightly silty sand [f-m] 
slightly silty slightly gravelly [f-m] sand 
sand [f-c] 
slightly silty sand [f-c] 
sand [f-c] w/vf-f sand lenses 
silty [vf-f] sand lenses 
sand w/silty vf-f sand lenses 

Well 299-E25-26 

Depth 
(ft) 

Moisture 
(wt%) 

5 no data 
10 no data 
15 no data 
20 no data 

Comments 

APP 5A4-5 
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Table 5A4-1. Sediment Moisture Data for Selected Boreholes in the • 
Vicinity of the Grout Treatment Facility. (sheet 5 of 10) 

Well 

Depth 
(ft) 

25 
26 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
81 
85 
90 
95 

100 
103.5 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 

Depth 
(ft) 

5 
10 
15 
20 
25 
30 
35 
40 

299-E25-26 (cont) 

Moisture Comments 
(wt%) 

no data 
7.4 sand [c-m] 
5.2 

10.4 3-4-in. silt lens 
6.1 
6.7 
7.9 sand [c-m] w/vf sand lenses 

26.5 sand [f-c] 
16.5 
12.3 55-75-ft numerous thin vf-f 
16.2 sand lenses in m-c sand 
9.8 
5.7 
3.4 
3.3 
3.6 
4.0 

22.3 thick silty lens 
3.6 
3.8 
3 .1 
3.5 
3.6 

10.5 3-in. silty sand [vf-f] lens 
3.3 
2 .9 · 
2.9 
2.9 
3.3 
2.6 

Well 299-E25-27 

Moisture 
(wt%) 

4.9 
4.1 
2.8 
2.8 
3.4 
3.5 
5.0 
4.1 

Comments 

APP 5A4-6 
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Table 5A4-1. Sediment Moisture Data for Selected Boreholes in the 
Vicinity of the Grout Treatment Facility. (sheet 6 of 10) 

Well 299-E25-27 (cont) 

Depth Moisture Comments 
(ft) (wt%) 

45 5.4 
50 4.5 
55 4.6 
60 5.2 
65 4.1 
70 4.8 
75 4.4 
80 4.2 
85 9.6 sand lens [f-m] in [m-c] sand 
90 9.0 sand [m-c] 
95 8.6 sand [f-c] 

100 10.0 sand [f-m] 
105 9.6 sand [vf-m] 
110 9.2 slightly silty [vf-m] sand 
115 9.9 slightly silty [vf-m] sand 
117 27.4 1-2-in. silt lens 
120 18.4 sand [vf-m] 
125 9.9 slightly silty [vf-m] sand 
130 17.8 2-3-in. silt lens 
135 6. 7 
140 24.6 sand lens [vf-f] 
145 8.2 
150 6.8 
155 19.5 sand [f-m] 

Well 299-E25-28 

Depth Moisture Comments 
(ft) (wt%) 

5 no data 
10 no data 
15 no data 
20 no data 
25 no data 
30 no data 
35 no data 
40 4.5 
45 5.1 
50 8.7 sand [m] 
55 4.3 
60 9.2 numerous silt lenses 
65 3.3 
70 3.6 

APP 5A4-7 
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Table 5A4-l. Sediment Moisture Data for Selected Boreholes in the • 
Vicinity of the Grout Treatment Facility. (sheet 7 of 10) 

Well 299-E25-28 (cont) 

Depth 
(ft) 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

Moisture 
(wt%) 

3.3 
3.4 
2.9 
2.5 
2.9 
4.9 
3.5 
2.7 
2.8 
2.7 
3 .1 
2.8 
3.5 
2.6 
2.5 
2.5 
2.7 
2.3 
1.4 
2.4 
2.1 
2.2 
2.7 
2.2 
6.2 

Comments 

Well 299-E25-29 

Depth Moisture Comments 
(ft) (wt%) 

5 5.7 low-value slightly silty sand [c-vf] 
10 2.7 low-value gravelly sand [vc-vf] 
45 4.1 low-value sand [c-m] 
50 5.1 low-value sand [c-f] 
70 7.4 low-value sand [c-f] 
75 5.8 low-value sand [m-f] 
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Rev. 1, 01/17/90 

Table 5A4-l. Sediment Moisture Data for Selected Boreholes in the 
Vicinity of the Grout Treat ment Facility. (sheet 8 of 10) 

Well 299-E25-30 

Depth Moisture Comments 
(ft) (wt%) 

30 5.0 slightly silty sand [m-vf] (low value) 
80 10.0 slightly silty slightly gravelly sand [c-f] 
85 4.6 sand [c-f] 
90 3.2 sand [c-f] 
95 7 .1 slightly silty slightly gravelly sand [c-f] 

ll0 6.9 sand [c-f] 
us 9.0 sand [c-f] 
120 17.7 sand [c-f] 
125 17 .4 sand [c-f] 
130 13.4 sand [m-vf] 
135 9.3 sand [vc-m] 
140 7.7 sand [c-f] 
145 7.7 sand [vc-m] 
150 17.5 sand [c-f] 
155 23.4 sand [c-f] (sat. zone) 
160 16.8 sand [vc-f] 

Well 299-E25-32 

Depth Moisture Comments 
(ft) (wt%) 

5 NA sand [m-f] 
10 2.7 gravelly sand [vc-c] 
15 3.0 gravelly sand [vc-c] 
20 2.7 slightly gravelly sand [vc-m] 
25 2.9 gravelly sand [vc-m] 
30 3.2 sand [c-m] 
35 3.6 sand c-f] 
40 3.2 sand c-f] 
45 4.4 slightly silty sand [m-vf] 
50 4.9 slightly gravelly sand [vc-f] 
55 4.4 sand [vc-f] 
60 6.8 sand [c-f] 
65 4.7 sand [c-m] 
70 4 .1 sand [c-f] 
75 4.7 sand [c-m] 
80 5.7 sand [c-f] 
85 6.3 sand [c-f] 
90 7.2 sand [c-f] 
95 11.6 slightly silty sand [f] 

100 15.6 slightly silty sand [m-vf] 
105 13.9 sand [m-f] 
110 2.6 slightly silty slightly gravelly sand [vc-f] 
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Table 5A4-l. Sediment Moisture Data for Selected Boreholes in the • 
Vicinity of the Grout Treatment Facility. {sheet 9 of 10) 

Well 299-E25-32 (cont) 

Depth Moisture Comments 
{ft) {wt%) 

115 2.2 gravelly sand [vc-f] 
120 2.7 slightly gravelly sand [vc-m] 
125 3 .1 sand [vc-m] 
130 3.5 sand [vc-m] 
135 3.2 sand [vc·m] 
140 8.2 sand [c-f] 
145 5.3 sand [vc-f] 
150 2.0 sand [c-f] 
155 2.0 slightly silty sand [vc-f] 
160 1.9 gravelly sand [vc-f] 
165 2.3 sandy [vc-m] gravel 
175 2.3 sandy [vc-c] gravel 

Well 299-E25-33 

Depth Moisture Comments 
{ft) {wt%) 

5 2.7 sand [vf-f] 
10 2.5 slightly gravelly sand [vc-m] 
15 3.0 sand [f] 
20 6.4 slightly silty sand [f] 
25 3.9 sand [m-f] 
30 3.5 sand [c-m] 
35 4.2 · sand [m-f] 
40 4.0 sand [m-f] 
45 3.3 sand [m-f] 
50 3.2 slightly silty sand [m-f] 
55 3.5 sand [c-m] 
60 1.2 sand [m-f] 
65 4.8 sand [m-f] 
68 16.6 silty sand [m-f] 
70 9.5 sand [m-f] 
75 11. 7 slightly silty sand [[m-f] 
80 11. 7 sand [m-f] loosely consolidated 
85 5.8 sand [m-f] 
90 7.0 sand [m-f] 
95 8.3 sand [m-f] 

100 9.5 sand [c-m] 
105 12.3 slightly silty slightly gravelly sand [vc-f] 
110 4.0 slightly gravelly sand [c-vf] 
115 4.0 sand [m-vf] 
120 3.4 sand [vc-m] 
125 3.6 slightly gravelly sand [vc-m] 
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Table 5A4-l. Sediment Moisture Data for Selected Boreholes in the 
Vicinity of the Grout Treatment Facility. (sheet 10 of 10) 

Well 299-E25-33 (cont) 

Depth 
(ft) 

130 
135 
140 
145 
150 
155 
160 
165 
170 
175 

Moisture 
(wt%) 

3.5 
2.4 
2.8 
2.6 
2.6 
2.4 
2.7 
8.4 
2.6 
2.3 

Comments 

slightly gravelly sand [vc-m] 
sand [vc-f] 
sand [m-f] 
sand [m-f] 
sand [m-f] 
sand [vc-f] 
sand [vc-f] 
sand [f-vf] 
slightly silty slightly gravelly sand [vc-vf] 
slightly silty slightly gravelly sand [vc-vf] 
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Moisture Content Measurement of Sediments 

PURPOSE 

DOE/RL 88-27 
Rev. 1, 01/17/90 

This section covers the steps necessary to determine the moisture content 
of uncontaminated sediment samples. This applies to samples taken during 
drilling (except where water has been added) and during excavation of pits or 
surface sediments. 

REQUIREMENTS 

1. Samples from drilling operations should be taken as soon as poss i ble 
after the sediments are brought to the surface. Sediments taken during 
the excavation of pits should be taken during the excavation. If this is 
not possible, the surface of the pit wall should be scraped away to 
expose sediments that have not changed in moisture content from being 
exposed to air. 

2. Samples should be placed in soil moisture cans. The sample should be 
large enough to fill the can at least 3/4 full (preferably completely 
full). The lid should be set on the can, and the seam between the lid 
and the can should be taped shut. The well or pit number, depth of 
sample, and date should be written on the tape. The number marked on the 
moisture can should be noted on the geologic logs or in the geologist's 
notes along with the well or pit number, depth, and date. 

3. Samples should be taken to the laboratory the same day if possible, and 
no later than 3 dafter the sample is taken. 

4. In the laboratory, remove the tape and the lid. Promptly weigh the can 
and lid and record the weight in grams. Place the can and lid in an oven 
set to 100 °C ± 50 °C and dry for 12 to 24 h. Reweigh the can and lid 
and record the weight, being careful not to spill any of the sediment. 
Dump out the sediments, wipe out the can and lid to remove any sediments 
adhering to their surface, weigh the empty can and lid, and record the 
weight. 
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5. Using the following equation, determine the percent moisture of the 
sample and record it. 

(Wws - wos) - (Wos - We) 
X 100 = % moisture 

WDS - We 
where 

Wws = weight of the wet soil, can, and lid 
wos = weight of the dry soil, can and lid 
We = weight of the can and lid alone. 

6. The lid ratings and calculations should be relocated in the geologist's 
log or on a suitable form developed for the purpose. The calculation 
should be reviewed by a peer. 
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LITHOLOGIC SECTIONS FOR THE DETECTION MONITORING 
WELLS AND SITE BASELINE WELLS 
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LITHOLOGIC SECTIONS FOR THE DETECTION MONITORING 
WELLS AND SITE BASELINE WELLS 

Lithologic sections for groundwater monitoring wells constructed in 1984 
through 1988 are presented in Figures 5Al-l through 5Al-9. The lithologic 
section is an interpretation of the sediments in the subsurface based on field 
observations and laboratory analysis of samples obtained during drilling. For 
each well, the well number, ground surface elevation, total depth, total depth 
date, drill bit used, sample depth and elevation, graphic log, and lithologic 
description are presented. 

The well number is based on the 200 East Area sheet system. Most of the 
wells are located on sheet map 25 of the 200 East Area. Ground surface 
elevation of all the wells is referenced to the 200 East Area datum, which is 
0.37 ft below the National Geodetic Survey datum of 1929. 

Total depth is the maximum depth, in feet, of the well boring. Total 
depth date is the date on which the borehole was completed to total depth. 
The temporary casings then were removed and the well screen and casings were 
emplaced. 

Several methods of obtaining sediment samples were used at the GTF. All 
of the boreholes (except 299-E25-31) were drilled using cable tool techniques. 
The type of drill bit used to drill the hole is included in the column labeled 
'samp int' (sample interval), which graphically shows where the sample was 
taken . An open circle indicates a drive barrel and a closed circle indicates 
a hard tool bit with the sample retrieved by a bailer. Borehole 299-E25-31 
was drilled by the Odex method using foam to bring up the drill cuttings (see 
Appendix 5C-l). The sample intervals are shown with a diamond-shape symbol. 

The graphic log denotes a symbolic representation of the sediments 
encountered during drilling. Three basic symbols are used for sand, gravel, 
and mud. Solid lines denote major lithologic changes (e.g., sand and gravel). 
Short lines separate sediments with discernable lithologic differences. 

The lithologic description includes the sediment class name, a summary 
of information reported by the field geologist, and laboratory analyses, when 
possible. For brevity, some abbreviations are used in the description. These 
include: very course (VC), coarse (C), medium (M, fine (F), very fine (VF), 
angular (A), subangular (SA), subrounded (SR), rounded (R), moderately (MOD), 
reaction (RXN), dark (DK), light (LT), basalt (BAS), quartz (QTZ), hard tool 
(HT), driven barrel (DB), water level (WL), very (V), trace (TR), and pebbles 
(PEBS). 
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WELL DESIGNATION: 299-E26-26 * DRILL BIT USED 
GROUND SURFACE ELEVATION (ft ABOVE MSL): 666.84 
TOTAL DEPTH (ft) : 288 0 DRIVE BARREL 

• HARD TOOL TOTAL DEPTH DATE: 4 / 9 / 85 

OTHER 
COMMENTS 

HT AFTER 

BLACK { 
SAND 

160 ft SAMPLE 
T0-167ft 

HT AFTER 
169 ft SAMPLE 
TO END 

DRILLING SLOWS 
AT-200 ft 

DRILLING INDICATES 
BOULDERS AND VERY 
TRANSMISSIVE 
220-230 ft 

HOLE WILL 
NOT STAY 
OPEN VERY WL 
MUCH 

SAND HEAVES 
INTO BOREHOLE 

60 

00 

100 

660 

160 

00 

200 

60 

250 

400 

300 

360 

UTHOLOGIC DESCRIPTION 

O i:-,.,~;+--_SANDY SILT: REACTS TO HCI 

! iii ;~;;;;;;;;i;;;;:~;;;;;;;;;!~;~:!.'.~lii~£~WN 
g \\{{ SLIGHTLY SILTY SAND: MEDIUM TO FINE, GRAY-BROWN, V SLIGHT RXN TO 
o ·.•·.·:. ·:~ __ HCI 

0 .\: :-:•"_:_ SANO: COARSE TO MEDIUM, GRAY-BROWN. NO TO V SLIGHT RXN TO HCI 

g
l. :··•.·.:.·_'._'.,·::;_•:::·:: .. •:1.:.i_ .. :.•_:_. =~::c::~::~ ::~:::::::;:•:::,:c:~::,::, :~::::::~ 

THIN LENSES OF SILT, SLIGHT RXN TO HCI, SLIGHT LIMONITE CEMENT(?) 

0 .·. ·· · SAND: OCC. SLIGHTLY SILTY, MEDIUM TO FINE, YELLOW-BROWN TO TAN, g /// ~~~~~:oR:N TO HCI TO 130 ft, THIN SILTY LENSES STRONGLY REACT TO HCI 

0 ::::::_';_:: SAND: COARSE TO MEDIUM, SLIGHT RXN TO HCI 

~ j/:~: . .,,: ___ GRAVELLY SAND: VERY COARSE TO COARSE SANO, SLIGHT RXN TO HCI 

O :°: :_-."-:'.:: SLIGHTLY SILTY SAND: COARSE TO FINE. SUGHn Y GRAVELLY, TAN 

g ;.\./.\ SLIGHTLY GRAVELLY SAND: COARSE TO MEDIUM, VARIABLE CaC03, SILTY 
SAND LAYER AT 168 ft 

SANDY GRAVEL: HIGHLY GROUND, COARSE TO MEDIUM SAND, GRAVEL 
>50% BASALT. BOULDER AT 180 ft and 186 ft, V SLIGHT RXN TO ACID 

SEEMS UNCEMENTED. NO TO V SLIGHT RXN TO ACID 

BASALT CONTENT DECREASES TO -20-50%, STILL UNCONSOLIDATED, 
SLIGHT TO MODERATE RXN TO HCI 265 ft & BELOW 

SAND 271 •273 ft 

·. ·:•.:: SLIGHTLY SILTY SLIGHTLY GRAVELLY SAND: COARSE TO MEDIUM, 
t':~-_:"--'.': .. ·•;-'f, ___ QUARTZITE FRACTION >BASALT 

78809084.8 

Figure 5A5-l. Lithologic Section for Well 299-E25-25. 
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WELL DESIGNATION: 299-E25-26 * DRILL BIT USED 
GROUND SURFACE ELEVATION (ft ABOVE MSL): 668.0 
TOTAL DEPTH (ft): 290 0 DRIVE BARREL 

e HARO TOOL TOTAL DEPTH DATE: 4 / 1 / 85 , 

OTHE
R A~;.1:~:~--~~-~-:-~v-v------------------------------~ 

~...- ..- "' LITHOLOGIC DESCRIPTION 
COMMENTS ,"° ~"°o~ * ~ "' o-

>-660 
8g Ji{}~:~:::;~:::~::::::::::~:;:::::~. :::::L:C~:AVELLY, NO TO V 

.:·.-·.:.:::•. SLIGHT RXN TO ACID, WELL SORTED BLACK SANO AT 20-22 ft g \:-\-::'--

I iffll= ~~~~ :::~~ ~~::::~~::•:.::~•::~: ~s~~~~~::•::::,:cc "'· 
g :}{\ !~~HTLY GRAVELLY SAND: V COARSE TO MEDIUM. NO TO SLIGHT RXN TO 

o -: oo · 
0 -~0.:~ SANDY GRAVEL: V COARSE TO COARSE. NO TO V SLIGHT RXN TO ACID, TAN 
0 !"....:~~ FINES o~----

50-

>-600 

100-

HT JUST 
BEFORE 
160 ft 

-:~:-I jlfc !t;~~ ... ~~~~~~\~~~~~~:=:~;~T"\~~•t;,~ :~~~~;~ Tio'::-:. TO 

0 :J{f; ~ GRAVELLY Sil TY SANO: V POORLY SORTED, NO RXN TO ACID 

V SLOW DRILLING 
230-235 ft, 
DRILLER BELIEVES 
IS CONSOLIDATED 

>-600 

200-

..... 460 

260-

WLsz._ 
>-400 

300-

>-360 

• .... v.-
• ·o/( 

~ o·-o. 
,o '!:..o 

~)?: 
::•:-: ·.:·: 

SLIGHTLY SILTY SANDY GRAVEL: VC TO MEO SANO. GENERALLY FINE PEBBLES, 
NO TO SLIGHT RXN TO ACID 

SLIGHTLY GRAVELLY SANO: MOSTLY SLIGHTLY SILTY, SLIGHTLY GRAVELLY. VC 
TO MEDIUM SANO, SLIGHT TO STRONG RXN TO ACID 

SLIGHTLY SILTY GRAVEUY SANO TO SANDY GRAVEL: V POORLY SORTED, 
INCREASE IN COBBLES AT 206 ft DOWNWARD. >60% BASALT CLASTS. NO TO V 
SLIGHT RXN TO HCI 

235-255 ft GRAVEL S50% BAS CLASTS, LOTS OF COBBLES, MORE SILT AT 250 ft , 
MOOERTE RXN TO HCI 

· -:: :.· .· SLIGHTLY GRAVELLY SLIGHTLY SILTY SANO: MODERATE RXN TO HCI, UPTO 13% 

~.rzi,,,_: ___ ~=~~~~ii~~~~H MICAS BELOW 266 ft COMMON, SUBANG TO SUBRNDED 

~"':-f:~ GRAVELLY SANO: SIMILAR TO ABOVE, MORE GRAVEL 

::·:°?:.- SANO: COARSE TO MEO, FINES REACT STRONGLY TO HCI. OTZ PEBS 

78809084.9 

Figure 5A5-2. Lithologic Section for Well 299-E25-26. 
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WEU DESIGNATION: 299-E25-27 * DRILL BIT USED 
0 DRIVE BARREL 

e HARD TOOL 

GROUND SURFACE ELEVATION (ft ABOVE MSL): 673.53 
TOTAL DEPTH (ft): 300 
TOTAL DEPTH DATE: 6 / 24 / 85 

OTHER 
COMMENTS 

HIGH 
MOIST { 
ZONE 

HIGH 
MOIST { 
ZONE 

SWITCHED 
TO HTAT 
167 ft 
SAMPLE 

660 

60 

600 

100 

560 

150 

500 

200 

450 

HOLE STAYED { 
OPEN _ 250 

TENDS TO WL 
HEAVE INTO 
BOREHOLE 

400 

300 

360 

UTHOLOGIC DESCRIPTION 

SLIGHTLY SILTY SAND: C TO VF. LT BROWN. TR .PEBS. MOD TO STRONG RXN 

g • .. . ·. SLIGHTLY GRAVELLY SAND: MOSTLY VC TO C, UP TO 10~, GRAVEL. g \:_\/;..._ __ SUBANGULAR TO SUBRNDED GRAINS. MOSTLY NO RXN TO ACID, GRAY 

0 : . : . 
0 .:_:_._:: 

I ·:Yi 
SAND: COARSE TO MEDIUM. OCCASIONAL COBBLE OR PEBBLE. SOME 
LENSES OF BROWN MEDIUM TO FINE SAND. LESS THAN 10% SILT AND CLAY . 
GENERALLY WEAK TO Ma°D RXN TO HCI. 35-40 ft STRONG RXN TO HCI WITH 
WHITE AND ORANGE CEMENT, BROWN 

0 ···.••• ·••• SAND: MEDIUM TO FINE. 6-20% SILT AND CALY, MICACEOUS. OCC. PEB. 

g. }\\ ... --- :::::NC:::::~OM~:D:::.T:p :: 6% GRAVEL. WEAK TO STRONG RXN TO 

I j~-i11r ;;;~;;~:·· TO ANE .. , .. SILT ANO c~ v. wm TO MOO RXN TO He,. 

g i[B ~'t::~:~L~;i~~:BOUT 1-2 in . THICK. SECOND MOIST SAMPLE (117 ft) 

O • ·· • · SAND: COARSE TO MEDIUM. UP TO 6% GRAVEL. SOME SILTY LAYERS, 

1. ·:·::_.·•.:·•·•,:, i::·: . .o~ .• ::•.:.:.'.:.l.:.::.:.·::.:.•:.··~-;.·::•·· ... ·~ ===== ~~~~f :;::;~;:c:~:E~i::~::~::c;;:~~~ ;~~:::;~ :i· 
SAND: COARSE TO FINE. 5-12% SILT AND CLAY, WEAK TO MOD RXN TO HCI. 
MICACEOUS 

SLIGHTLY SILTY GRAVEL SAND: COARSE TO MED. 6-25% GRAVEL. MOD TO 
STRONG RXN TO HCI, 15-20% BAS 

SILTY SANDY GRAVEL: VC TO VF, MOSTLY VC TO C. VERY POORLY SORTED. 
8-12% MUD, BOULDERS TO GRANULES, GRAY, NO RXN TO HCI 

SAND: COARSE TO MEDIUM, 1-3% GRAVEL. 10-13% MUD, NO RXN TO HCI 

SILTY SANDY GRAVEL: ROCSAN DATA SHOW 10-28% GRAVEL, DRILLING 
INDICATES HIGHER GRAVEL CONTENT. V POORLY SORTED. MAJOR SANO 
SIZE IS VC TO M. 
8-19% MUD. VARIETY OF LITHOLOGIES. NO TO MOD RXN TO HCI 

... ;,-.:, ... i··.L.:.'.:;.·:,,..::'.:·.~.:.'.·.· .. ..:a·.:.;.·.:.~-.:::.•_:.,.'..i.·:_-_-_-_-_ [{~:;~~;;c~::~::::. :::: :::::~. :•:::• MMu~~~:~::: :,:T:~ 
"-~ SILTY SAND: COARSE TO VF, MOSTLY MED. 16-30% MUD, 1-4% GRAVEL. NO 

RXNTO HCI 
i-;...:..:..:.. __ _ 

78809084 .1 

Figure 5A5-3. Lithologic Section for Well 299-E25-27. 
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WELL DESIGNATION : 299-E25-28 * DRILL BIT USED 

0 DRIVE BARREL 

eHARDTOOL 

GROUND SURFACE ELEVATION (ft ABOVE MSL): 660 
TOTAL DEPTH (ft) : 348 
TOTAL DEPTH DATE: 3 / 19/ 86 

OTHER 
COMMENTS 

SWITCHED 
TO HTAT 
202 ft 

SLOWER 
DRILLING WL 
AT 265 ft 

SLOW 
DRILLING 
(OPEN 
HOLE) 

BASALT 
AT 341 ft 

650 

50 

600 

100 

550 

150 

500 

200 

450 

250 

400 

300 

360 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
C 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

• • • • 

LITHOLOGIC DESCRIPTION 

SLIGHTLY SILTY SAND: MEDIUM TO V FINE. 14% MUD. <1% GRAVEL 

SAND: COARSE, WELL SORTED, BASALTIC SAND. 3% MUD, 
2%GRAVEL 

SAND: FINE TO VF, THIN SILT LENSES, 7% MUD, NO GRAVEL 

SANO: COARSE TO MEDIUM, 60-70% BASALT GRAINS, OCC. PEBBLE. GRAVEL TO 
71%, 1-3% MUD, MOIST THIN SILTY LENSES 30-46 ft 

SAND: MEDIUM, WELL SORTED. CALCAREOUS MATERIAL PRESENT 

SAND: C TOM, V TR GRAVEL 
SAND: MED TO FINE, MOSTLY MEDIUM, 3-7% MUD, LIGHT COLORED MINERALS 
MORE COMMON (70%), UP TO 7% GRAVEL 

GRAVELLY SAND: VC TO C, 10-30% GRAVEL. MUD UP TO 4%. SOME SILTY LENSES, 
MOSTLY VF PEBBLES IN GRAVEL 

SILTY SAND: C TOM, FROM GEOL. LOG 

GRAVELLY SAND: C TOM, UP TO 10% GRAVEL 

.f--- SILTY SANO: AS ABOVE 

GRAVELLY SAND: VC TO C, 13% GRAVEL. CALICHE PRESENT 

SAND: C TOM, -10% MUD. NO PEBBLES 

SLIGHTLY SILTY SAND: M TO VF, COARSENING DOWNWARD 

SLIGHTLY SILTY SAND: VC TO C, INCREASING GRAVEL CONTENT, BASALTIC 
GRAVEL 

GRAVELLY SAND 

SILTY SANDY GRAVEL: 40-60% GRAVEL. MOSTLY FINE TO COARSE PEBBLES. 
COBBLES IN TOP 10 ft, CL~YEY GRAVEL AT 198-200 ft; SUBROUNDED, VC 
TOC SAND 

SILTY GRAVEL: 45-66% GRAVEL, SILT ESTIMATED TO 30%, GRAVEL IS BASALTIC 

SANDY GRAVEL: 26-60% GRAVEL, SILT ESTIMATED AT 10-20%, BASALTIC GRAVEL 

_.,..,..,.._ __ GRAVELLY SAND: -15% GRAVEL 

SILTY SANDY GRAVEL: 55-70% GRAVEL, NOT AS MUCH BASALT AS ABOVE, UP TO 
25% MUD 

SLIGHTLY SILTY SAND: MOSTLY C TOM. SLIGHTLY MUDDY. MOSTLY QUARTZ, 
ANGULAR, GRAVELLY SAND BETWEEN 288 AND 290 ft 

SANDY GRAVEL: POSSIBLE CEMENTED GRAVEL IN MEDIUM SAND, CLAY BETWEEIII 
307-308 ft 

GRAVELLY SAND: C TO VF, UP TO 25% MUD. CHERTY BELOW 335 ft 

BASALT: BLACK. HARD. HIT AT 341 ft 

78809084.7 

Figure 5A5-4. Lithologic Section for Well 299-E25-28. 

APP 5A5-5 



DOE/RL 88-27 
Rev. 1, 01/17/90 

WELL DESIGNATION: 299-E26-29 * DRILL BIT USED GROUND SURFACE ELEVATION (ft ABOVE MSL): 671.82 
TOTAL DEPTH (ft): 330 0 DRIVE BARREL 

• HAROTOOL TOTAL DEPTH DATE: 9/11/87 

~;:~~ 9.~~v·,.,c, OTHER 
COMMENTS 

CHANGE 
TO HT AT 
13 ft 

CHANGE 
TODB 
BETWEEN 
40 & 46 ft 

CHANGE 
TO HT AT 
206 ft 

"' "" ~~ ...,o 
LITHOLOGIC DESCRIPTION 

o- 0 ~ SLIGHTLY SILTY SANO: C TO VF, 13% MUD, NO GRAVEL; SA TO SR. MOD 

~ }i}/ ~~::!~~ ;~::~: ~~•:aRiF~:-8% MUD, 7-20% GRAVEL; SA TO SR, MOD 

-
650 

~ •1,I:
1f;- ::::E:· ::;,:::: :~:~::6: •:::~:,~::::~R~:::., T CONTENT 

• •• ··.. DECREASES DOWNHOLE FROM 76-26%, GENERALLY WELL SORTED. GRAY 

&O- i :.!iii 1'% G::::Ro;;,E~;:: V, Coco, •RESENT, IARGE MICA AT BO ftANO TRACE AT 

-6•· I ;t,1,(; 

100- ~ :0.113% MUD 

g ~J; 7% GRAVEL 

-650 O {K-:·._·:-SLIGHTLY GRAVELLY SANO: AS ABOVE EXCEPTVC TOM. 7% GRAVEL.1% 
o N·::;:.,_ MUD 

g )\=Y~ SIL TY SAND: M TO VF. 37% MUD. 1 % GRAVEL. MOO SORTED, 10-30% 

g {).{ :::~~:~:~~~:~~~:~~~4::uD. 1-12% GRAVEL; SAND. SA TO SR. 20-
150- O :_'.:'-_:::;_: 60% BAS; GRAVEL. BAS AND QUARTZITE; WEU SORTED, GRAY 

~ wwi ~~: ~:~~:~ 
._600 0 ·-: .. o::, SANDY GRAVEL: VC TO C SAND, 0-3% MUD, 26-63% GRAVEL; SANO, 46-66% 

O l>o:·~·:,;-: BAS. SA TO SR; GRAVEL. SA TOR, BAS & OTZITE; MOO SORTED; GRAY 

g :·:"-.~:_o·• SLIGHTLY GRAVELLY SAND: VC TOM, 1-2% MUD, 7-12% GRAVEL; SAND, SA 
o -::::q_:_:_: TO SR, 40% BAS; WELL SORTED; GRAY 

0 ~p
0
.'-'.~'.~ GRAVEUY SAND: AS ABOVE, 3% MUD, -26-30% GRAVEL, MOD SORTED 

200- O 
0 t,.·.·.··.~:- GRAVELLY SANO: AS ABOVE. C TO F, 20% GRAVEL. LT BROWN GRAY, 7% 
• ~:·/0·_ MUD. 16% BAS 

• ~Vi-... 
'-450 • o o -~.( 

• p:-• .. • o·_o __ .... 
SILTY SANDY GRAVEL: VC TOM SAND. 8 TO 18% MUD, 40-66% GRAVEL; 
POORLY SORTED, 76-80% BAS OVERAU 

• ~:o .. _"c; 

: ;_:•~/i-,_ ____ SILTY SANDY GRAVEL: MOSTLY VC TO C SAND. 12% MUD, 45-50% GRAVEL; 
260- · .0 •11 :,.· POORLY SORTED, 76-80% BAS OVERALL 

c· · o· · GRAVELLY SILTY SAND: vc TO VF. 16-18% GRAVEL. 1B-23% MUD; POORLY 

WL_._ 'v~---1 
,,_·..;,

0

P,_;;;'o-l,·,:.jq ___ soRTED. 70-76% BAS 
~· ."".()-"· 

'-400 

300-

'-360 

p·:o:0·0°:~ 
tl :o.- •• 
:·~·-~;-._: ~ 
--~ 0. 

·~d:~-. 
D ·o · • 

~:-)) 

SILTY SANDY GRAVEL: VC TO F SAND. 30-60% GRAVEL. 6-16% MUD; POORLY 
SORTED, 76-80% BAS 

GRAVELLY SAND TO SLIGHTLY SILTY GRAVELLY SAND: MOSTLY VC TOM 
SANO, 6-7% MUD, 9-40% GRAVEL; SAND, 60% BAS, MOD SORTED 

-\:9:-:',!1----SAND: C TO F, 7% MUD, NO GRAVEL; SR TOR, WELL SORTED 30% BAS 
i,,'f ~·-:o: 
t--........ -+---GRAVELLY SAND: VC TO F, 7% MUD, 20% GRAVEL. POORLY SORTED 

78809084.4 

Figure 5A5-5. Lithologic Section for Well 299-E25-29. 
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WELL DESIGNATION: 299-E25-30 * DRILL BIT USED 
0 DRIVE BARREL 

e HARD TOOL 

GROUND SURFACE ELEVATION (ft ABOVE MSL ): 667.0 
TOTAL DEPTH (ft) : 330 
TOTAL DEPTH DATE: 9123 187 

OTHER 
COMMENTS 

WL 

650 

60 

600 

100 

650 

150 

500 

200 

450 

250 

400 

300 

350 

LITHOLOGIC DESCRIPTION 

0 
SILTY SAND: MUD TO F. TR M SAND. MOO TO WELL SORTED. LIGHT BROWN 

C SAND: C TO F. TR GRAVEL, MINOR MUD, SOME LENSES OF M TO F SAND, MOD TO g WELL SORTED. DARK GRAY, SUBANGULAR TO SUBROUNDED 

o ,"._ __ SAND: F TO MUD, WELL SORTED, LIGHT GRAY, SUBANGULAR TO SUBROUNDED 

: \ .f}( SAND: M TO F. MINOR SILT, MOD-WELL SORTED. GRAY MAFIC 50-75%, 

i ~iii ~~~;~~~::::~-;~~:-~i.t~~~o ~~::o~~~~~ MAF>C, O ,., 

C' 

~ ;tf:l 
SAND: M TO F WITH MINOR CS TO MED PEBBLE. MOD TO Sll POOR SORTING. GRAY 

SAND: M TO F. MINOR SILT. MOD SORTED 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

"'.t(( 

SAND: M, NO SILT, WELL SORTED, GRAY, SUBANGULAR TO SUBROUNDED, 75% 
MAFIC. 25% OTZ FELDSPATHIC 

SAND: M, SLIGHTLY SILTY. GRAY, DIORITE COBBLE. WELL SORTED. MAFIC 50%, 
OTZ FELD 50% 

SAND: C, WELL SORTED. GRAY, 30% MAFIC. 70% OTZ FELD. SUBANGULAR TO 
SUBROUNDED 

SAND: C TOM, MINOR FINE SAND TO SILT, GRAY 

SAND: C. CLEAN, WELL SORTED, GRAY. MAFIC 30%. QTZ FELD 70% 

SAND: M TO C, SMALL PEBBLES, MINOR FINE SAND, MAFIC 60-90% INCREASING 
WITH DEPTH. QTZ FELD 50-10% DECREASING WITH DEPTH 

µ;;:;.-.+---GRAVELS: POSSIBLE BOULDERS, MAFIC 90. OTZ FELD 10% 

-:#fat 

ii 
i!i,l! 

GRAVELLY SAND: C, LARGE PEBBLES & COBBLES, MAFIC 75-80%, OTZ FELD 
20-25%, DARK GRAY. POORLY SORTED 

SLIGHTLY GRAVELLY SAND: C TO M. SMALL PEBBLES. POORLY TO MOD SORTED 

SAND: C TOM, MOD TO WELL SORTED. GRAY. SUBANGULAR TO SUBROUND, 
MAFIC DECREASING WITH DEPTH 70-40%, OTZ FELD INCREASING WITH DEPTH 
30-60% 

SANDY GRAVEL: F TO VF PEBBLES, C TOM SAND. POORLY SORTED. SUBANGULAR 
TO WELL ROUNDED. GRAY 

~i,.1,-i;+,--- GRAVELLY SAND: C TOM, M TO F PEBBLE. POOftf SORTED. GRAY 

SAND: C TOM. MOD SORTED. GRAY, SUBANGULAR TO SUBROUNDED, MAFIC 45%, 
. QTZ FELD 55% 

78809084.1 

Figure 5A5-6. Litholog ic Section for Well 299-E25 -30. 

APP 5A5-7 



.,-. 

DOE/RL 88-27 
Rev. 1, 01/1 7/90 

WELL DESIGNATION: 299-E25-31 * DRILL BIT USED GROUND SURFACE ELEVATION (ft ABOVE MSL): 670 
TOTAL DEPTH (ft): 298 0 DRIVE BARREL • OOEX (FOAM) 

• HARD TOOL TOTAL DEPTH DATE: 6/26 / 87 

660 

60 

600 

100 

660 

160 

600 

200 

460 

250 

400 

300 

360 

/);\ 
1}f:':'. 
c,:-:lJ. 

t'.{. 
K\} :t;)::o __ _ 

iJ~'.t 

LITHOLOGIC DESCRIPTION 

SLIGHTLY SILTY SAND: VC TO VF, 2% GRAVEL, 15% MUD 

SLIGHTLY GRAVELLY SAND TO GRAVELLY SAND: MOSTLY VC TOM. 1-9% 
MUD, 2-16% GRAVEL, BLACK, WELL TO MOD SORTED 

SAND: C TO F, 2-9% MUD, 1-9% GRAVEL, BLACK, WELL SORTED, SOME 
SLIGHTLY GRAVELLY ZONES, VC SAND AT BOTTOM OF SECTION 

f j;'",__ __ GRAVELLY SANO: VC TOM, 1-3% MUD, 10-20% GRAVEL EXCEPT >40% AT 
:t~~: 120 ft, MODERATELY SORTED -...~~~-
::_;~_·:.i.t_·"t-. --SLIGHTLY GRAVELLY SAND: VC TOM. 1% MUD, 6-9% GRAVEL EXCEPT 14% 

AT 166 ft, WELL SORTED 

}lii SAND: VC TO C, <1% MUD, 1-3% GRAVEL, WELL SORTED 

SANDY GRAVEL TO GRAVEL: VC TO C SAND, 1-2% MUD. 32-94% GRAVEL 
(94% AT TOP), WELL soqTED 

-----GRAVELLY SAND: VC TO M, 1-6% MUD. 12-30% GRAVEL, MODERATELY 
t:ti~+---SORTED. SOME OPEN HOLE DRILLING 

-----SANDY GRAVEL: VC TO C SAND, 1-2% MUD, 60-72% GRAVEL, MOSTLY WELL 
SORTED 

SAND: VC TO C, 2% MUD, GRAVELLY TOP, POOR RECOVERY 

GRAVEL: VERY LITTLE SAND (1-30%), NO TO 2% MUD, PROBABLY COBBLES 

SANDY GRAVEL: VC TO C SAND. NO TO 1% MUD, 40-66% GRAVEL EXCEPT 
80%AT 286 ft 

80%GRAVEL 

78809084 .5 

Figure 5A5-7. Lithologic Section for Well 299-E25-31. 
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• WELL DESIGNATION : 299-E25-32 

DOE/RL 88-27 
Rev. 1, 01/17/90 

GROUND SURFACE ELEVATION (ft ABOVE MSL ): 667.0 
TOTAL DEPTH (ft) : 354 

* DRILL BIT USED 
0 DRIVE BARREL 

e HARD TOOL TOTAL DEPTH DATE: 1 / 22/88 

OTHER 
COMMENTS 

SWITCHED 
TOHT 
BETWEEN 
175 & 180 ft 

-266 ftWL 

DRILLING 
ON COBBLES 

650 

60 

600 

100 

550 

150 

500 

200 

450 

250 

400 

~ :t}i
g ft:i 
0 ::::-: .= 

I 1i( 
0 .·-:·-:·-. 
0 .·.: : .::: 

g "f\/; 

II 
I t":·;1 
0 l'-;-,i!"<;t,,j----

0 
0 
0 

• • • • 

LITHOLOGIC DESCRIPTION 

SAND: M TO F, 10% MUD, ANG TO SUBANG. -50% BASALT CONTENT, WELL SORTED, 
GRAYISH BROWN, STRONG RXN TO HCI 

SLIGHTLY GRAVELLY SAND TO GRAVELLY SAND: MOSTLY VC TO C SANO BECOMING 
MORE M & BOTTOM, 7-29% GRAVEL-LARGEST CLAST 90 mm, 1-8% MUD; WELL 
ROUNDED BASALTIC GRAVEL; SA TO SR BASALTIC SAND; MOD SORTING; GRAY 
BROWN (DRY); NO TO STRONG RXN TO HCI 

SAND: C TO F, M -VF LAST 5 ft, 0 -4% GRAVEL, 2-11 % MUD INCREASING w / DEPTH; 
SANO, 9 TO SR, 50-60% BAS, TR CALICHE, TR MICA; GRAVEL, MOSTLY ROUNDED 
NON-BASALT; WELL SORTED, LIGHT GRAY TO V DARK GRAY TO DARK GRAYISH 
BROWN, SLIGHT RXN TO HCI 

SLIGHTLY GRAVELLY SANO: VC TO F, 5 -10% GRAVEL, 3-5% MUD; SANO. A TO SA, 80% 
BAS; GRAVEL, SA TO SR, 60% BAS; MOO SORTED; LT BROWI\USH GRAY; MOO RXN TO 
HCL 

SAND: C TO F, 1-5% MUD, 0 TO 1 % GRAVEL; SANO, A TO SA, 50-80% BASALT, WELL 
SORTED; VARIABLE COLOR, LT BROWNISH GRAY TO DARK GRAY; NO TO SLIGHT RXN 
TOHCI 

SLIGHTLY SILTY SANO: M TO VF, 10-18% MUD. NO GRAVEL, SA, 50% SAS, MOO TO 
WELL SORTED, GRAYISH BROWN, STRONG RXN TO HCI 

SLIGHTLY GRAVELLY SANO TO GRAVELLY SANO: VC TOM, 2-10% MUD, 4-13% 
GRAVEL, CLASTS TO 60 mm; GRAVEL & SANO, A TO SA, 65% BAS; MOO SORTED, LT 
GRAY, SLTTO MOO RXN TO HCI 

SANO: VC TO F, 1-11 % MUD, 1-5% GRAVEL; SAN, A TO SA, 40-50% BAS. TR TO 5% 
CALICHE. TR MICA: GRAVEL. ROUNDED, BASALT; PALE BROWN TO LT GRAY, 
SLIGHT TO STRONG RXN TO HCI. MOO TO WELL SORTED 

SANDY GRAVEL: SANO MOSTLY VC TO C, 3-5% MUD, 30-45% GRAVEL: SANO, SA, 
80% BAS; GRAVEL. SR TOR, BAS: MOO SORTED; LT GRAY (DRY), OK OLIVE GRAY 
(WET). NO TO SLT RXN TO HCI 

GRAVELLY SILTY SANO TO SANDY GRAVEL: VC TO VF, 1-20% MUD. 22-43% GRAVEL; 
80-85% BASALT OVERALL, POORLY SORTED, OK OLIVE GRAY (WET), NO RXN TO HCI 

GRAVELLY SILTY SANO TO SANDY GRAVEL: VC TO VF, 1-20% MUD, 25-34% GRAVEL: 
80-85% BASALT OVERALL, POORLY SORTED, OLIVE TO OLIVE GRAY (WETi, SIMILAR 
TO ABOVE, NO RXN TO HCI 

GRAVELLY SANO TO SANDY GRAVEL: VC TO VF, 4-11% MUD, 28-48% GRAVEL; 75% 
BASALT OVERALL, POORLY SORTED. OLIVE (WET), SIMILAR TO ABOVE, NO RXN TO 
HCI 

GRAVELLY SAND TO SANDY GRAVEL: VC TO VF, 4 -10% MUD, 11-5% GRAVEL; 60% 
BASALT OVERALL, POORLY SORTED. OLIVE BROWN TO OLIVE GRAY (WET ), NO RXN 
TOHCI 

SANDY GRAVEL: VC TO C. 4% MUD, 42% GRAVEL: 30-65% BASALT IN SAND; GRAVEL, 

HEAVING 

HARD 
DRILLING 

!'.L.lr+.-:-t---~ 40% BASALT, POORLY SORTED. LT YELLOWiSH BROWN (WET). NO RXN TO HCI 

300 

AT 300 ft 

360 

360 

Figure 5A5-8. 

SAND: VC TO F, 4-6% MUD. 2-4% GRAVEL; 50% BASLAT, OLIVE GRAY (WET), MOD 
SORTED, NO RXN TO HCI 

GRAVELLY SANO TO SANDY GRAVEL: VC TOM, 0-4% MUD, 12-38% GRAVEL: 50-60% 
BASALT OVERALL, MOD SORTED, NO RXN TO HCI 

SILTY SANDY GRAVEL: VC TO F, 2-11% MUD, GRAVEL CONTENT HIGHER THAN LAB 
ANALYSES INDICATES, 40-60% BASALT, NO RXN TO HCI, MOD TO POORLY SORTED 

BASALT: HIT FLOW TOP AT 349 ft , DENSE BASALT AT 354 ft, BLACK 

78809084.10 

Lithologic Section for Well 299-E25-32 . 
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DOE/RL 88-27 
Rev. 1, 01/17/90 

• 0"1U. 11T UHO 

0 DfllM IA""E1. • SANO IAILl" SAMl'\.I 
e HAIIO TOOL 

UTHOLOGIC DESC"ll"T10N 

SAND: F TO VF. NO Q"AVIL. SUGHTl.Y SILTY. LT GUY, MOD "XN TO HC1 
SUGHT\.Y GIIIAVEU.Y SAND: VC TOM, 101' F l'EU. "TO S ... ~US.LT IAOWN G"AY 
SAND. M TO F. NO G"AVEL 5-1~ SILT; A TO SA. NO TO STRONG RXN TO HCI. LT 
BROWNISH G"AY TO GIIIAYISH IROWN, 40-to11. IAS 
SAND: C TOM, 311. VF PHS. l'OORLY SORTED, 1111. l.t.a, V SLIGHT RXN TO HCI, LIGHT 
IAOWNISH GIIIAY TO VSLT -- ---- - ---- - -- - -- -- - --
SAND Ill TO F. 1·2" F GIIAVEL A TO SA. NO "XN TO HCL WlU. SORTED. LT 
IROWNIIH GIIIAY TO DARK GRAYISH l"OWN 
SAND: AS UOVE, SUGHTl.Y MOflE SILT, -2" VF l'EU. LT IROWNISH GRAY. 1011. SU 
SAND: C TO M. AS AIOV£. DK G"A YlSH IROWN. NO "p TO HCI 
SAND: M TO F, WlU. SORTED. LENSES OF SILT• C • VC MATEIIIAL. NO TO MOD IIIXN 
TO HCI. GllAYISH IIIOWN. eo-eo,i, IAI 
SAND: F TO VF. J-1011. laLT, 70-~ IAI. SOME LENSES 0, MODE .. ATELY 
CONSOLIDATED MATERIAL MOO "XN TO lfCI. Tll CAUCHE 
SAND: M TO F, 1-1011. SILT. 41-~ IAS. LOOSELY CONSOUOAffD SILTY MATEIIIIAL AT 
10 fl. NO TO MOD RXN TO HCI (MOD "XN IN SK.Tl, GRAYISH l"OWN TO DIC GRAYISH 
POWN ' 

SAND: C TOM. I01' IAS, LT IROWfilllSH G"AY, MOD IIIXN TO HCI 
IUGHTl.Y GIIIAVEU.Y SILTY SAND: M TO f. 101' C NU. A TO SA. LT OUV£ IIIOWflt. 
501' IAS. ST1'0NG RXN TO HC1 --------------------0 SANO: M TO V,, <111, 'EH. LT l"OWNtSH G"AY. 2G-a11, IAS. V wtU. SO,.TED AND 

0 QUA"TI "ICH AT 111 ft. MOD RXN TO HCI 
g SAND: VC TOM. 4-H, F TO VF ll'!U. LT IIIOWfilllSH GIIAY TO LT YEU.OWISH l"OWN. 
o ~ IU. NO TO SLIGHT "XN TO HCI 
0 SAND: MOST\.Y M TO F. <111. F TO VF NU. LT G"AY. ~ IAS. SOME SMALL GIIAINS 
0 0, CAUCHE AT 131 fl. A TO SA. STRONG TO MOD "XN TO HCI 
g SAND: VC TO F, <111. F TO VF l'HS. <111. SILT. A.~ BAS. LT Ouvt G"AY. MOD "XN 
• SAND: MOST\.Y f TO V, , LT YEUOWISH l"OWN. A TO SA.~ IAS. MOO ,.XN TO HC1 
• i-i-,...,......,_ SAND: VC TO F. 111. F "fH. 111, SILT. LT IIIOWNISH G"AY. A TO SA. to,i, IAS. SOME 
• CAUCHE GIIIAINS. MOD IUN TO HCI 
• ...,...._._ GIIAVEU.Y SAND : VC TO C. ~ f TO V, ll'IIS. DIC G"AYIIH BROWN ,WET,.~ IAS. ................ , e A. a.MTS TO N """• V SLIGHT IIIXN TO HCI 
• SANDY QIIAVII.. 601ro M TO f ll'IIS. VC TO f SAND. 111. VF SAND A SILT. N11, U.S. DIC 
• 0UVt GRAY :WET!. NO IIIXN TO HCI • • IUGHTlY G"AVEU.Y SAND: VC TO Ill. ft C TO F NU. LT OUYE IIIOWl't (wrTi. ~ 
e IAS NO IIIXN TO HCI 
• SILTY SANDY GIIIAVEL IO-~ PHS. 1°" SILT. OUVE tWET). SAND IS A TO SA; I011. 
• IAS. NO "XN TO HCI 
: 0"AVII.. 1011. VC TO VF 'EU. I% SILT. OUVE GIIIAY (M'TI. ~BAS.NO "XN TO HCI 
e SILTY SANDY GRAVEL: ~1111, PHS. 1011. SILT. OUV£ GMY !wrT1. 70-~ IAS; 'EU 
e MOITL Y A SOME Ill; SAND A TO SA. NO "~ TO HCI 
: a;,,.""..,- SUGMT\.Y SILTY SAND· M TO VF. 101' SILT. <111. VF ll'IIS. 0tt GRAYISH IROWl't 1WETI. 
• 401' IAI. A TO IA. SLIGHT "XN TO HCI 
e GRAVELLY SAND: VC TO f. -21 M TO VF ll'IU. fll SILT. LT lflOWNISH GRAY (WIT). 

e ~~+-- GflAVEL. 11 ~ IAI. NO IIXN TO MCI 
• SILTV SANDY O"AVIL I0-701' M TO VF ll'IU. I- 1°" 11.T. LT YIU.OWIIH lflOWN 
• (WIT). G"AVEL. IS IO-'°" IAS; N0 "XN 
: G"AVELI.Y SAND: VC TO f. 2°" F TO VF ll'IH.111, SILT. QUY1SH l"O'MII IM'TJ. 
e GIIAVEL IS 601ro IAS. NO "XN TO HCI 
e SANDY 0"AVEL J0-3111, M TO f NU. <111. SILT, LT GflAYISH TO YEU.OWISH IIIOWN 
• SAND: VC TOM. TR SILT. Oil QIIIAY OUVl. 601ro IAS. HlAVES 
: SANDY GIIIAVEL -1()11, C TO VF 'EU. TR SILT, DK QIIIAY OUYE. V flOORLY SORTlD, 
e CEMENTED IY CAI.CIT! 0111 SILICA 
• SILTY SANDY GIIIAVEL -~ C TO VF NII. -1°" SILT. Da G"AY 0UVE TO OUVI 
• GIIIAY. CEMENT IY CAlCITE OR SIUCA. NO "XN TO HC1 

Figure 5A5-9. Lithologic Section for Well 299-£25-33. (sheet 1 of 2) 
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• WELL DESIGNATION: 299-E25-33 

DOE/RL 88-27 
Rev. l, 01/17/90 

* DRILL BIT 
GROUND SURFACE ELEVATION (ft ABOVE MSL): 672.00 
TOTAL DEPTH (ft): 400 

0 DRIVE BARREL 
e HARD TOOL 

TOTAL DEPTH DATE: 1/6/88 

OTHER 
COMMENTS 

350- : t)? 
• -~.- 0~~ .. ; .. _()··• . ~::·/ ::·~ 

-300 e .:,g; 
• ~fo .o. 

A ROTARY 

LITHOLOGIC DESCRIPTION 

SILTY SANDY GRAVEL: 40"/4 M TO RF PEBS, 15-20% SILT, OLIVE GRAY (WET); 40% BAS, 
"RUSTY" QUARTZ, TR MICA, NO RXN TO HCI, THIN CLAYEY GRAVEL LENSE BETWEEN 
362 ft AND 363 ft 

• ~-~- BASALT: THIN GREEN CLAY BETWEEN 382 ft AND 383 ft ; VESICULAR BAS FRAGMENTS 
• ~\Jr, AND SOME CLAY, >95% BASALT, DARK OLIVE GRAYTOV DARK GRAY; DENSE BASALT 
• - 'I I 

400_ e ~' ~'~~~~',._ __ BEFORE400ft 

-250 

78910170.1 

Figure 5A5-9. Lithologic Section for Well 299 - E25 -33. (sheet 2 of 2) 
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HYDROLOGIC DATA 
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58-1 Liquid Effluent Discharge Volumes of Nearby Disposal Facilities, January 
1985 Through December 1987 

58-2 Results of Shallow Borehole and Laboratory Permeability Tests for the 
Unsaturated Zone 

58-3 Hydrologic Test Data and Analyses 

58-4 Water-Level Elevation Data 

58-5 Baseline Water-Chemistry Data Collected Between September 1985 and 
July 1987 
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LIQUID EFFLUENT DISCHARGE VOLUMES OF NEARBY DISPOSAL 
FACILITIES, JANUARY 1985 THROUGH DECEMBER 1987 
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DOE/RL 88-27 
Rev. 1, 01/17/90 

LIQUID EFFLUENT DISCHARGE VOLUMES OF NEARBY DISPOSAL FACILITIES, 
JANUARY 1985 THROUGH DECEMBER 1987 

PUREX PROCESS CONDENSATE--Monthly summary of liquid waste (volumes) discharged 
to ground (liters). 

Disposal Site: 216-A-10 crib 
Waste Stream Description: PUREX Plant process condensate 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1985 

6.4 E+06 
2.5 E+06 
3.2 E+06 
1. 2 E+07 
8.9 E+06 
2.6 E+06 
1.8 E+07 
1. 6 E+07 
1.2 E+07 
3.6 E+06 
9.3 E+06 
7.3 E+06 

1986 

5.9 E+06 
5.2 E+06 
6.0 E+06 
5.8 E+06 
9.9 E+06 
7.9 E+06 
1.4 E+07 
1. 1 E+07 
5.8 E+06 
2.2 E+06 
2.4 E+05 
2.6 E+05 

1987 

6.5 E+06 
Deactivated 

II 

II 

PUREX STEAM CONDENSATE--Monthly summary of liquid waste (volumes) discharged 
to ground (liters). 

Disposal Site: 216-A-30 
Waste Stream Description: PUREX coil and steam condensate (67 percent of 

waste goes to A-30, 33 percent goes to A-37-2) 

Month 1985 1986 1987 

January 6.1 E+07 5.5 E+07 1.8 E+07 
February 4.8 E+07 5.1 E+07 2.3 E+07 
March 4.6 E+07 4.9 E+07 4.8 E+07 
April 6.1 E+07 6.0 E+07 5.5 E+07 
May 5.4 E+07 4.4 E+07 3.5 E+07 
June 5.0 E+07 4.6 E+07 4.8 E+07 
July 7.6 E+07 6.9 E+07 5.0 E+07 
August 5.9 E+07 5.0 E+07 5.2 E+07 
September 5.1 E+07 3.1 E+07 3.5 E+07 
October 4.4 E+07 2.1 E+07 1. 1 E+07 
November 4.7 E+07 7.2 E+07 1. 0 E+07 
December 4.7 E+07 2.7 E+07 1. 1 E+07 

APP 5B1-1 



DOE/RL 88-27 
Rev. 1, 01/17/90 

1 • 2 PUREX AMMONIA SCRUBBER--Monthly sunvnary of liquid waste (volumes} discharged 
3 to ground (liters}. 
4 
5 Disposal Site: 216-A-36B crib 
6 Waste Stream Description: PUREX anvnonia scrubber waste 
7 
8 
9 Month 1985 1986 1987 

10 
11 January 7.2 E+06 3.8 E+06 0.0 E+OO 
12 February 5.0 E+06 6.2 E+06 0.0 E+OO 
13 March 5.4 E+06 8.4 E+06 2.0 E+06 
14 April 5.7 E+06 8.8 E+06 2.3 E+06 
15 May 4.2 E+06 5.3 E+06 2.4 E+06 
16 June 3.6 E+06 6.5 E+06 1.3 E+06 
17 July 1.0 E+07 1.0 E+07 8.4 E+06 

re 18 August 8.7 E+06 7.5 E+06 6.4 E+06 
19 September 4.8 E+06 0.0 E+OO 5.4 E+06 

0 20 October 5.2 E+06 0.0 E+OO INACTIVE 
21 November 8.8 E+06 0.0 E+OO INACTIVE 

lf 22 December 6.8 E+06 0.0 E+OO INACTIVE 
23 
24 

~ 25 
26 
27 242-A PROCESS CONDENSATE--Monthly sunvnary of liquid waste (volumes} discharged 
28 to ground (liters}. 
29 
30 Disposal Site: 216-A-37-1 
31 Waste Stream Description: 242-A Evaporator process condensate 
32 
33 
34 Month 1985 1986 1987 
35 
36 January 6.5 E+06 5.4 E+06 4.2 [+05 
37 February 2.1 E+06 2.0 [+06 4 .1 [+06 
38 March NRa 6.2 E+06 4.1 E+05 
39 April 5.0 E+06 1.7 E+06 0.0 E+OO 
40 May 4.0 E+06 8.2 E+06 0.0 E+OO 
41 June NRa 4.5 E+06 3.1 E+06 
42 July 7.0 E+06 1. 6 E+06 5.2 [+06 
43 August 2.5 E+06 5.7 E+05 7.7 E+06 
44 September 6.5 E+06 1.3 [+06 3.1 [+06 
45 October I. 2 E+06 6.3 E+06 2.7 [+05 
46 November 5.9 E+06 8.7 E+06 0.0 E+OO 
47 December 7.6 E+06 4.1 E+06 2.7 E+05 
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PUREX STEAM CONDENSATE --Monthly summary of liqu id waste (volumes) discharged 
to ground (l i ters) . 

Disposal Site: 216-A-37-2 
Waste Stream Description: PUREX _ coil and steam condensate 

Month 1985 1986 1987 

January 2.0 E+07 2.7 E+07 9.1 E+06 
February 1.6 E+07 2.6 E+07 1.2 E+07 
March 1.5 E+07 2.4 E+07 2.4 E+07 
April 2.0 E+07 3.0 E+07 2.7 E+07 
May 1.8 E+07 2.2 E+07 1. 7 E+07 
June 1. 7 E+07 2.2 E+07 2.4 E+07 
July 2.5 E+07 3.4 E+07 2.5 E+07 
August 2.0 E+07 2.5 E+07 2.6 E+07 
September 1. 7 E+07 1.6 E+07 1. 7 E+07 
October 2.2 E+07 1. 1 E+07 5.6 E+06 
November 2.3 E+07 3.6 E+06 5.0 E+06 
December 2.3 E+07 1.3 E+07 5.5 E+06 

PUREX PROCESS CONDENSATE- -Monthly summary of liquid waste (volumes) discharged 
to ground (liters}. 

Disposal Site: 216-A-45 crib 
Waste Stream Description: PUREX process condensate 

Month 1985 1986 1987 

January 0.0 E+OO 0.0 E+OO 0.0 E+OO 
February 0.0 E+OO 0.0 E+OO 0.0 E+OO 
March 0.0 E+OO 0.0 E+OO 5.7 E+06 
April 0.0 E+OO 0.0 E+OO 8.9 E+06 
May 0.0 E+OO 0.0 E+OO 5.0 E+06 
June 0.0 E+OO 0.0 E+OO 7.6 E+06 
July 0.0 E+OO 0.0 E+OO 8.4 E+06 
August 0.0 E+OO 0.0 E+OO 3.0 E+06 
September 0.0 E+OO 0.0 E+OO 4.8 E+06 
October 0.0 E+OO 0.0 E+OO 0.0 E+OO 
November 0.0 E+OO 0.0 E+OO 0.0 E+OO 
December 0.0 E+OO 0.0 E+OO 1. 4 E+06 
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B POND AND DITCHES--Monthly summary of liquid waste (volumes) discharged to 
ground (liters). 

Disposal Site: 216-8-3 (Su11111ary) 
Waste Stream Description: PUREX chemical sewer and cooling water, B Plant 

cooling water, 241-A Tank Farm cooling water, 242-A 
Evaporator steam condensate and cooling water, 
244-AR Vault cooling water, 283-E Filter backflush 
waste water, and 284-E Powerhouse cooling water 

Month 1985 1986 1987 

January 3.8 E+08 1.8 E+09 1.0 E+09 
February 3.3 E+08 1.8 E+09 9.7 E+08 
March 3.7 E+08 2.1 E+09 I. 4 E+09 
April 4.5 E+08 I. 2 E+09 2.0 E+09 
May 3.7 E+08 1.8 E+09 1.6 E+09 
June 3.8 E+08 2.0 E+09 1.5 E+09 
July 5.2 E+08 2.3 E+09 2.4 E+09 
August 4.9 E+08 2.1 E+09 2.0 E+09 
September 4.5 E+08 I. 4 E+09 2.0 E+09 
October 5. 5 E+08 I. 3 E+09 1.0 E+09 
November 5.5 E+08 I. 2 E+09 9.5 E+08 
December 4.8 E+08 1.0 E+09 I. 2 E+09 

aNR = Not reported. 
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RESULTS OF SHALLOW BOREHOLE AND LABORATORY PERMEABILITY 
TESTS FOR THE UNSATURATED ZONE 
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RESULTS OF SHALLOW .BOREHOLE AND LABORATORY PERMEABILITY 
TESTS FOR THE UNSATURATED ZONE 

Five boreholes were drilled by Dames and Moore in 1985 to evaluate some 
geotechnical properties at the Grout Treatment Facility (Dames and Moore 
1986). Among the properties analyzed was the hydraulic conductivity 
(permeability). Both field and laporatory test results for hydraulic 
conductivity are described below. 

Field Explorations/Laboratory Tests--Existing subsurface information in 
the vicinity of the waste management area was supplemented by drilling and 
sampling soils at the five boring locations shown on Plate 5-1 (Appendix SE). 
Boring 85-3 was advanced to a depth of 60 ft, while the remaining four 
borings were terminated at a depth of 45 ft below the existing ground surface. 

The field explorations were coordinated by Dames and Moore senior 
engineering technicians, who maintained detailed records of the subsurface 
soil conditions encountered, obtained representative soil samples for 
examination and subsequent laboratory testing, classified the soils by both 
visual and textural examination , and monitored the field permeability tests. 
Boring location grid coordinates and ground surface elevations were surveyed 
and staked by Kaiser Engineers Hanford before the start of the field 
explorations. 

End-of-hole and open-hole falling head permeability tests were conducted 
at selected depths in each of the five borings drilled for the investigation. 
The field permeability tests were performed between the depths of 25 to 60 ft 
below the existing ground surface. Laboratory tests were performed on 
representative samples of the soils encountered to evaluate soil permeability. 
A description of the laboratory equipment and test procedures follow. 

Field Test Methodoloqy--Both end-of-hole and open-hole falling-head 
permeability tests were conducted at selected depths in each of the five 
borings. All end-of-hole permeability tests were run from the end of the 
6-in. ID casing associated with the cable-tool drill rig. Before running the 
end-of-hole tests, the soils below the casing were saturated to the extent 
possible by allowing infiltration of water introduced into the casing for a 
minimum of 1/2 h. 

All open-hole permeability tests were performed within the 5-ft zone 
directly below the depth of the end-of-hole test. After advancing the boring 
to the desired depth, pea gravel was introduced into the bottom of the hole 
to preclude caving of the sands into the boring as the casing was withdrawn 
to provide the desired 3- to 5-ft length of open hole. Before running the 
open-hole permeability tests, the soils surrounding the gravel-packed open 
hole were saturated to the extent possible by allowing infiltration of water 
introduced into the casing for a period of 15 to 30 min. Because of freezing 
weather conditions, warmed water was brought to the site at the start of 
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saturation for each end-of-hole test. Water in the tank was reported to 
have cooled to a near freezing condition by the time the open-hole tests were 
completed. 

Laboratory Permeability Tests--Constant head permeability tests were 
performed on selected 3- or 6-in.-long saturated soil samples from each 
boring. The permeability tests were conducted in accordance with standard 
geotechnical test procedures. 

Test Results--Results of the field and laboratory permeability tests 
performed for this investigation are presented in Table 5B2-1 and 5B2-2. 
The test depths presented for the field tests reflect the depth of the bottom 
of the test section of soil on which the falling-head permeability tests were 
conducted. It should be understood that the field tests provide an 
'equivalent' or 'mean' permeability that is not specifically oriented in a 
horizontal or vertical direction; however, it is reasonable to generally 
assume that end-of-hole tests are influenced more by the vertical permeability 
of the soil being tested and that the open-hole tests are influenced more by 
the horizontal permeability of the soil surrounding the gravel-packed test 
section. 

The equivalent hydraulic conductivities determin~d from the downhol 1 falling-head permeability tests ranged from l.~ x 10- cm/s to 2.9 x 10-
cm/s, with a geometric mean value of 2.7 x 10- cm/s. The vertical hydraulic 
conductivities determined from the laboratory constant head permeability 
tests ranged from 1.2 x 10-4 cm/sec to 2.2 x 10-2 cm/s, with a geometric 
mean value of 2.0 x 10-3 cm/s. 

REFERENCE 

Dames and Moore, 1986, Report of Geotechnical Investigation, Proposed Shallow 
Land Disposal Site Hanford, Washington, Dames and Moore, Seattle, 
Washington. 
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Table 5B2-1. Field Permeability Test Results at Borings 85-1, 85 -2, 
85-3, 85-4, and 85-5 , Conducted by Dames and Moore (modified 

after Dames and Moore 1986). 

Test 
Run depth Type of Equivalent hydraulic conductivity 

number (ft) testa (cm/s) 

1 30 EH 3.7 X 10-2 

2 35 OH - 2. 5 X 10-l 

3 35 OH 2.9 X 10-l 

1 35.5 EH 1. 9 X 10-2 

2 40 OH 9.6 X 10-3 

3 40 OH 9.6 X 10-3 

1 55 EH 1. 5 X 10-3 

2 60 OH 7.3 X 10-3 

1 25 EH 2.4 X 10- 2 

2 30 OH 1.0x 10-2 

3 30 OH 1.0x 10-2 

1 40 EH 5.7 X 10-2 

2 45 OH 1.1 x 10- 1 

3 45 OH 1.1 X 10-1 

Keq = 2.7 x 10-2 

Range: 1.5 x 10-3 to 2.9 X 10-l 

aFalling head permeability test using 6-in.-ID drill casing. 
EH= end-of-hole test. 
OH= open-hole test with gravel pack to prevent caving. 
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Table 582-2. Laboratory Permeability Test Results for Borings 85-1, 
85-2, 85-3, 85-4, and 85-5, Conducted by Dames and Moore 

{modified after Dames and Moore 1986). 

Sample Material finer Vertical hydraulic 
Boring depth than No. 200 conductivity 
number {ft) sieve(%) (cm/s) 

85-1 20.5 5.5 5.3 X 10-3 

85-1 30.5 11.1 2.3 X 10-3 

85-1 33 16.7 4.9 X 10-4 

85-1 35.5 22.4 1.2 X 10-4 

85-1 40.5 12.1 l.5x 10-3 

85-2 20.5 15.7 7.6 X 10-4 

85-2 35.5 9.4 2.5 X 10-3 

85-2 40.5 7.1 6.2 X 10-3 

85-3 20.5 7.8 3.4 X 10-3 

85-3 35.5 14.4 I.Ox 10-3 

85-3 45.5 22.7 4.0 X 10-4 

85-3 55.5 14.9 2.2 X 10-2 

85-4 25.5 8.8 1.6 X 10-3 

85-4 35.5 16.3 3.4 X 10-3 

85-5 25.5 7.3 4.5 X 10-3 

85-5 40.5 4.1 8.3 X 10-3 

- -3 Keq = 2.0 X 10 

Range: 1.2 x 10-4 to 2.2 x 
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Four wells have been tested hydrologically at the Grout Treatment Facility 
since 1987: Wells 299-E25-22, 299-E25-32, and 299-E25-33. The types of tests 
conducted at these wells were step-drawdown and constant discharge. This 
appendix provides information about each test and discusses the test results. 

The hydrologic tests were performed in wells that were constructed primarily 
for groundwater monitoring (water-level measurements) and groundwater sampling. 
This situation, coupled with the high transmissivities at the Grout Treatment 
Facility site, produced test results that were not optimum for quantifying 
aquifer properties. The well diameters were too small to accommodate pumps 
capable of creating the high flow rates needed for significant drawdowns. 
Drawdowns were generally less than 1 ft. 

Discharge rates were measured by an in-line flowmeter or by timing the 
filling of a bucket of known volume. Drawdown and recovery data were measured 
and recorded with a transducer/data logger system and were verified regularly by 
electric or steel tape measurements. The transducers were 10 to 50 lbf/in2 
pressure transducers. The data loggers were Hermit SElOOOs* marketed by In Situ, 
Inc. 

Analyses for the aquifer test results were based on the Theis (1935) 
solution. The following basic assumptions apply to this method. 

• The aquifer is infinite in areal extent. 

• The aquifer is homogeneous, isotropic, and of uniform thickness. 

• The potentiometric surface is horizontal before pumping. 

• Water removed from storage is discharged instantaneously with a 
decline in head. 

• The aquifer is pumped at a constant discharge rate. 

• Well bore storage in the pumping well can be neglected. 

• The pumping well screen fully penetrates the aquifer. 

The assumptions of an isotropic aquifer and a fully penetrating well screen 
were not satisfied. Nevertheless, the analyses are still valuable in providing 
rough (conservative) estimates of the aquifer transmissivity. 

The analyses were performed using the techniques presented in Lohman 
(1972) . References to specific techniques presented by Lohman are given under 
each test. 

*Hermit SEIOOO is a trademark of In Situ, Incorporated. 
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This test was conducted in March 1987. The diameter of the well (5 in . ) 
limited the volume of discharge to about 50 gal/min. Drawdown from aquifer 
resistance was very small (virtually zero), which implies a relatively high 
transmissivity. 

AQUIFER TEST 299-E25-22 

Two types of tests were performed at the well; a step-drawdown test on 
August 28, 1987, and a constant discharge test on August 31, 1987 

• 

(Table 5B3-1). Recovery of water levels was monitored for the constant discharge 
test from August 31 to September 1, 1987 (Table 5B3-2). Insufficient drawdown 
for the step-drawdown test precluded analyzing the data to obtain a transmissivity 
value. The drawdown data during the pumping phase for the constant discharge 
test were influenced by well storage effects and, therefore, were not used for 
analysis. 

Recovery data from the constant discharge test at well 299-E25-22 were 
analyzed for transmissivity. Background fluctuations that affected the data 
were removed by subtracting water-level fluctuations at well 299-E25-27 from the 
recovery data at well 299-E25-22. Pretest comparison of water-level changes in 
these two wells showed a close correspondence (Figure 5B3-1). Therefore, it was 
assumed that in-common groundwater trends and bariometric changes affecting wate 
levels in well 299-E25-27 could be eliminated in well 299-E25-22 using this meth 

The analysis results for the aquifer test only provided an estimate for 
aquifer parameters; i.e., the calculated transmissivity probably falls within an 
order of magnitude of the true value. The reason for an order-of-magnitude 
estimate is that several assumptions that are inherent in the analytical method 
were not satisfied. In particular, the aquifer is not homogenous and isotropic, 
the pumping well is partially penetrating rather than fully penetrating, the 
pumping rate varied during the test, and the rest results are affected by delayed 
yield. A number of these effects may be responsible for the change in slope in 
the data, as seen on Figure 5B3-2. 

The pumping well was screened in the upper 25 ft of the unconfined aquifer 
and, therefore, was a partially penetrating well. The effect of the partial 
penetration was to increase the drawdown in the pumping well over what would 
occur for a well that was screened over the full saturated thickness of the 
aquifer. Calculating a transmissivity value using these data gives a value that 
is less than the true formation transmissivity. The drawdown curve from a 
partially penetrating well also may give the impression of a leaky semiconfined 
aquifer as a vertical flow component from the lower part of the aquifer becomes 
significant. The slope change seen on the drawdown curve may indicate this 
(Figure 5B3-2). 

The effects of delayed yield may also be responsible for the change in 
slope in the recovery data about halfway through the test (Figure 5B3-2). 
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Table 5B3-1. Drawdown Data for the Constant Discharge Test at 
Well 299-E25-22 During the Pumping Phase on August 31, 1987 . 

Elapsed Time Drawdown 
(min) (ft) 

-------·---- -.... -.. ---
0.0000 0.01 
0.0033 0.01 
0.0066 0.01 
0.0099 0.01 
0.0133 0.01 
0.0166 0.01 
0.0200 0.01 
0.0233 0.01 
0.0266 0.01 
0.0300 0.01 
0.0333 0.01 
0.0500 0.01 
0.0666 0.01 
0.0833 0.01 
0.1000 0.50 
0. 1166 0.79 
0. 1333 1.16 
0.1500 1.39 
0.1666 1.39 
0.1833 1.38 
0.2000 1.36 
0.2166 1.34 
0.2333 1.35 
0.2500 1.33 
0.2666 1.32 
0.2833 1.31 
0.3000 1.30 

(sheet 1 of 2) 

Time 
(min) 

Discharge 
(During Test) 

Reading 
(gpm) 

--. --.. -
8:30 154 
8:56 154.5 
9:25 151.5 

10:20 154 
10:58 156.5 

Test Data 
(Pl.ll1)ing Phase) 

··--·--·---------------- ·--
(Time 0 begins on 08/31/87 

at 07:40) 

Elapsed Time Drawdown 
(min) (ft) 

.... -.. .... -.... -. - -... -.... --
0.3166 1.30 
0.3333 1.31 
0.4167 1.31 
0.5000 1.27 
0.5833 1.23 
0.6667 1.22 
0.7500 1.21 
0.8333 1.17 
0.9167 1.17 
1.0000 1.16 
1.0833 1.13 
1.1667 1.11 
1.2500 1.13 
1.3333 1.13 
1.4166 1.14 
1.5000 1.13 
1.5833 1.13 
1.6667 1.13 
1. 7500 1.16 
1.8333 1.13 
1.9167 1.15 
2.0000 1.15 
2.5000 1.15 
3.0000 1.13 
3.5000 1.13 
4.0000 1.14 
4.5000 1.16 
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Elapsed Time Drawdown 
(min) (ft) 

---------·-· .. -...... -.... 
5.0000 1.17 
5.5000 1.17 
6.0000 1.15 
6.5000 1.15 
7.0000 1.15 
7.5000 1.17 
8.0000 1.18 
8.5000 1.16 
9.0000 1.17 
9.5000 1.18 

10.0000 1.19 
12.0000 1.17 
14.0000 1.20 
16.0000 1.20 
18.0000 1.21 
20.0000 1.22 
22.0000 1.23 
24.0000 1.25 
26.0000 1.24 
28.0000 1.25 
30.0000 1.26 
32.0000 1.27 
34.0000 1.26 
36.0000 1.26 
38.0000 1.27 
40.0000 1.28 
42.0000 1.26 
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Table 5B3-1. Drawdown Data for the Constant Discharge Test at • Well 299-E25-22 During the Pumping Phase on August 31, 1987. 
(sheet . 2 of 2) 

E lapsed Ti me Drawdown Elapsed Time Orawdown Elapsed Time Drawdown 
(min) (ft) (min) (ft) (min) (ft) 

-------·--·- .. ----.. -.. ........ . ........ -----.. -- ..................... -.. -----. 
44.0000 1.27 190.000 1.22 560.000 1.12 
46.0000 1.27 200.000 1.23 570.000 1. 11 
48.0000 1.28 210.000 1.23 580.000 1.10 
50.0000 1.27 220.000 1.22 590.000 1.13 
52.0000 1.29 230.000 1.23 600.000 1.11 
54.0000 1.27 240.000 1.21 610.000 1.13 
56.0000 1.28 250.000 1.21 620.000 1.12 
58.0000 1.28 260.000 1.22 630.000 1.12 
60.0000 1.30 270.000 1.19 640.000 1.13 
62.0000 1.28 280.000 1.19 650.000 1.13 
64.0000 1.28 290.000 1.20 660.000 1.13 
66.0000 1.30 300.000 1.19 670.000 1.14 
68.0000 1.28 310.000 1.20 680.000 1.13 

I.J> 
70.0000 1,29 320.000 1.18 690.000 1.13 
n.0000 1.29 330.000 1.19 700.000 1.13 
74.0000 1.27 340.000 1.18 710.000 1.14 
76.0000 1.28 350.000 1.19 720.000 1.16 

... 78.0000 1.30 360.000 1.17 730.000 1.17 
80.0000 1.28 370.000 1.15 740.000 1.16 
82.0000 1.28 380.000 1.16 750.000 1.16 
84.0000 1.27 390.000 1.15 760.000 1.17 
86.0000 1.28 400.000 1.17 770.000 1.17 
88.0000 1.29 410.000 1.15 780.000 1.18 
90.0000 1.30 420.000 1.18 790.000 1.18 
92.0000 1.29 430.000 1.14 800.000 1.20 
94.0000 1.28 440.000 1.16 810.000 1.18 

0 96.0000 1.30 450.000 1.16 820.000 1.20 
98.0000 1.30 460.000 1.13 830.000 1.20 
100.000 1.29 470.000 1.14 840.000 1.19 
110.000 1.27 480.000 1.13 850.000 1.20 
120.000 1.26 490.000 1.15 860.000 1.23 
130.000 1.25 500.000 1.13 870.000 1.24 
140.000 1.25 510.000 1.12 880.000 1.25 
150.000 1.26 520.000 1.13 890.000 1.22 
160.000 1.23 530.000 1.12 900.000 1.22 
170.000 1.24 540.000 1.14 910.000 1.21 
180.000 1.22 550.000 1.13 920.000 1.22 
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Table 5B3-2. Recovery Data for the Constant Discharge Test at 
Well 299-E25-22 During the Pumping Phase on August 31, 1987 . 

Elapsed Time Recovery 
(min) (ft) 

·----------- .. - . -- .... 
0.0000 1.20 
0.0033 1.21 
0.0066 1.20 
0.0099 1.22 
0.0133 1.21 
0.0166 1.21 
0.0200 1.21 
0.0233 1.21 
0.0266 1.22 
0.0300 1.20 
0.0333 1.21 
0.0500 1.22 
0.0666 1.23 
0.0833 1.22 

- 0.1000 0.73 
0.1166 0.43 
0.1333 0.19 
0.1500 0.12 
0.1666 0.14 
0.1833 0.17 
0.2000 0.17 
0.2166 0.16 
0.2333 0.15 
0.2500 0.15 
0.2666 0.14 
0.2833 0.14 
0.3000 0.14 

(sheet 1 of 2) 

Time 
(min) 

Discharge 
(During Test) 

Reading 
(gpm) 

.... -. -. -. 
8:30 154 
8:56 154.5 
9:25 151.5 

10:20 154 
10:58 156.5 

Test Data 
(Recovery Phase) 

.......... - ...... - .......... -.... -.. - ...... 
(Time 0 begins on 08/31/87 

at 23:10) 

Elapsed Time Recovery 
(min) (ft) 

-.... ---- ... --- - .. ---- .. -
0.3166 0.14 
0.3333 0.14 
0.4167 0.13 
0.5000 0.13 
0.5833 0.13 
0.6667 0.13 
0.7500 0.12 
0.8333 0.12 
0.9167 0.12 
1.0000 0.12 
1.0833 0.11 
1.1667 0.11 
1.2500 0.11 
1.3333 0.11 
1.4166 0.10 
1.5000 0.10 
1.5833 · 0.10 
1 .6667 0.10 
1. 7500 0.10 
1.8333, 0.10 
1.9167 0.09 
2.0000 0.09 
2.5000 0.09 
3.0000 0.09 
3.5000 0.09 
4.0000 0.08 
4.5000 0.08 
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Elapsed Time 
(min) 

.. -- ---- ---- -
5.0000 
5.5000 
6.0000 
6.5000 
7.0000 
7.5000 
8.0000 
8.5000 
9.0000 
9.5000 

10.0000 
12.0000 
14.0000 
16.0000 
18.0000 
20.0000 
22.0000 
24.0000 
26.0000 
28.0000 
30.0000 
32.0000 
34.0000 
36.0000 
38.0000 
40.0000 
42.0000 

Recovery 
(ft) 

.. --- ..... -
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.06 
0.06 
0.07 
0.06 
0.06 
0.06 
0.06 
0.06 
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Table 583-2. Recovery Data for the Constant Discharge Test at • Well 299-E25-22 During the Pumping Phase on August 31, 1987 . 
(sheet 2 of 2) 

Elapsed Time Recovery Elapsed Time Recovery Elapsed Time Recovery 

(min) (ft) (min) (ft) (min) (ft) 

-- . -----. -. .. ---.. -- .. -... -....... --- .. -.. - .. -.... ------------ .... -.. .. -. 

44.0000 0.06 n.0000 0.06 100.000 0.06 

46.0000 0.06 74.0000 0.06 110.000 0.04 

48.0000 0.06 76.0000 0.06 760.000 - 0.05 

50.0000 0.06 78.0000 0.06 770.000 - 0.05 

52.0000 0.07 80.0000 0.06 780.000 - 0.05 

54.0000 0.06 82.0000 0.06 790.000 - 0.06 

56.0000 0.07 84.0000 0.06 800.000 - 0.06 

58.0000 0.06 86.0000 0.06 810.000 - 0.06 

60.0000 0.06 88.0000 0.06 820.000 0.06 

62.0000 0.06 90.0000 0.06 830.000 - 0.07 

64.0000 0.06 92.0000 0.06 840.000 0.07 

66.0000 0.06 94.0000 0.06 850.000 0.08 

68.0000 0.06 96.0000 0.06 860.000 0.08 

N 70.0000 0.06 98.0000 0.06 870.000 0.08 

Ln 

' 

1' 
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f;gure 583-1. Graphical Representation of Comparison Between Background Water Levels in 
Wells 299-ES-22 Through 299-E25-27. 
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F;gure 583-2. Corrected Recovery Data and Analysis from Well 299-E25-22 for Aquifer Test Conducted 
in Well 299-E25-22 from August 31 to September 1, 1987. 
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The decrease in slope may represent the intermediate phase of a delayed yield 
response. 

The data also were affected by a variation in the rate of discharge during 
the test. This is especially evident when -comparing Figure 5B3-3, which shows 
the drawdown data during the pumping phase, with Figure 5B3-4, which shows the 
variation in discharge with time. During the test the maximum variation in 
discharge was 10 gal/min. Some of the 'scatter' of the data around the match 
lines in Figure 5B3-2 is probably from discharge variability. This scatter also 
may be due to aquifer heterogeneities. 

The actual 'raw' data are listed in Tables 5B3-1 and 5B3-2 for the drawdown 
and recovery periods for well 299-E25-22. Figures 5B3-3 and 5B3-5 show the 
drawdown for the pumping period. Figure 5B3-5 only shows the drawdown for the 
first minute. Table 5B3-3 lists the data used to compare diurnal fluctuations in 
the two wells. Figure 5B3-3 lists the data used to compare diurnal fluctuations 
in the two wells. Figure 5B3-1 shows this relationship graphically. 

The recovery data were analyzed by applying the Cooper-Jacob straight-line 
method (Cooper and Jacob 1946) to the recovery data set. Residual drawdown was 
plotted against t/t' (Figure 5B3-2). Analysis of the data indicates that the 
transmissivity ranges from approximately 100,000 ft2/d to 200,000 ft2/day in the 
aquifer. Related test information is given in the following. 

Pumping well: 

Identification 

Open interval: 

Screen: 

Static water level: 

Discharge rate: 

Duration of pumping: 

Pump: 

Maximum drawdown: 

Observation wells: 

Well 299-E-22 

265 to 295 ft below surface 

8-in. telescoping 
50 slot, 285 to 295 ft 
10 slot, 265 to 285 ft 

Approximately 268 ft below top of casing 

Average 152 gal/min, ranging from 147 to 157 
gal/min 

15.5 h 

30 hp submersible 

I. 2 to I. 3 ft. 

No quantifiable responses to pumping or recovery were recorded at the 
observation wells because of the influences of diurnal effects, and the 
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Figure 583-3. Water Level Changes at Well 299-E25-22 While Pumping This 
Well at 152 gal/min on August 31, 1987. 
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Table 583-3. Comparison Between Background Water Levels in 
Wells 299-E25-22 and 299-E25 - 27 . 

• (sheet 1 of 3) 

Time O starts on 09/01/87 at 16:00 

E25·22 E25·27 E25·22 E25·22 E25·27 E25·22 E25-22 E25·27 E25·22 
TIME W.L. W.L. MINUS TIME W.L. W.L. MINUS TIME W.L. W.L. MINUS 
(min) (ft) (ft) E25·27 (min) (ft) (ft) E25·27 (min) (ft) (ft) E25·27 

0 -0.14 · 0.16 0.02 1290 -0.06 -0. 1 0.04 2580 0.01 -0.04 0.05 
30 -0.13 -0.15 0.02 1320 -0.05 -0.09 0.04 2610 0.01 -0.05 0.06 
60 -0.13 -0.15 0.02 1350 -0.05 -0.09 0.04 2640 0 -0.05 0.05 
90 -0.13 -0.15 0.02 1380 -0.06 ·0.1 0.04 2670 0 -0.06 0.06 

120 -0.13 -0.15 0.02 1410 -0.06 -0.1 0.04 2700 0 -0.07 0.07 
150 -0.12 -0.15 0.03 1440 -0.06 -0.11 0.05 2730 ·0.01 -0.07 0.06 
180 -0.12 -0.14 0.02 1470 ·0.06 · 0.1 0.04 2760 -0.01 · 0.08 0.07 
210 -0.12 -0.14 0.02 1500 ·0.06 -0.1 0.04 2790 -0.02 -0.08 0.06 
240 -0.09 -0.1 1 0.02 1530 ·0.07 -0.11 0.04 2820 -0.02 -0.08 0.06 
270 -0.08 -0.1 0.02 1560 ·0.06 -0. 1 0.04 2850 -0.03 -0.09 0.06 
300 -0.07 -o. 1 0.03 1590 ·0.05 -0.09 0.04 2880 -0.05 -0.1 0.05 ) 
330 -0.06 -0.09 0.03 1620 ·0.05 -0.09 0.04 2910 -0.05 · 0.11 0.06 
360 -0.07 -0.09 0.02 1650 ·0.04 -0.08 0.04 2940 -0.05 -0.1 0.05 
390 -0.07 -0. 1 0.,03 1680 -0.03 -0.07 0.04 2970 -0.06 -0.1 0.04 

.o 420 -0.07 -0.1 0.03 1710 -0.02 -0.06 0.04 3000 -0.06 -0.1 0.04 
450 -0.07 -0. 1 0.03 1740 -0.01 -0.06 0.05 3030 -0.06 -0. 1 0.04 
480 -0.06 -0.09 0.03 ,no -0.02 -0.07 0.05 3060 -0.06 -0.1 0.04 
510 -0.05 -0.08 0.03 1800 ·0.02 ·0.07 0.05 3090 -0.06 -0. 1 0.04 
540 -0.04 -0.08 0.04 1830 ·0.02 -0.07 0.05 3120 -0.06 -0.09 0.03 
570 -0.04 -0.08 0.04 1860 ·0.02 -0.07 0.05 3150 -0.05 ·0.09 0.04 
600 -0.05 -0.08 0.03 1890 ·0.01 -0.06 0.05 3180 -0.05 -0.08 0.03 
630 -0.06 -0.1 0.04 1920 0 -0.06 0.06 3210 -0.04 -0.09 0.05 
660 -0.06 -0.1 0.04 1950 0 -0.06 0.06 I 3240 -0.05 -0.09 0.04 
690 -0.05 -0.09 0.04 1980 0 -0.06 0.06 I 3270 -0.05 -0.09 0.04 
no -0.05 -0.09 0.04 2010 0 -0.05 o.o5 I 3300 -0.05 -0.1 0.05 
750 -0.06 -0.11 0.05 2040 0 -0.05 o.o5 I 3330 -0.05 -0. 1 0.05 
780 -0.06 -0.1 0.04 2070 0 -0.05 o.o5 I 3360 -0.05 ·0.09 0.04 
810 -0.06 -0. 11 0.05 2100 0 ·0.05 o.o5 I 3390 ·0.05 -0. 1 0.05 
840 -0.06 -0.11 0.05 2130 0 -0.06 0.06 I 3420 -0.05 ·0.1 0.05 
870 -0.06 -0.1 0.04 2160 0 -0.06 0.06 I 3450 ·0.05 ·0.1 0.05 
900 -0.06 -0.1 o.04 I 2190 0 -0.05 0.05 3480 -0.05 -0.1 0.05 
930 -0.05 -0.1 0.05 2220 0 -0.05 0.05 3510 -0.05 -0.1 0.05 
960 -0.05 -0.1 0.05 2250 0 -0.05 0.05 3540 -0.05 -0.1 0.05 
990 -0.03 -0.09 0.06 2280 0 -0.05 0.05 3570 -0.05 -0.1 0.05 

1020 -0.04 -0.1 0.06 2310 0.01 ·0.05 0.06 3600 ·0.05 -0.1 0.05 
1050 -0.04 -0. 1 0.06 2340 0.01 -0.04 0.05 3630 -0.05 -0. 1 0.05 
1080 -0.05 -0.1 0.05 2370 0.02 -0.04 0.06 3660 -0.06 -0.1 0.04 
1110 ·0.05 -0.1 0.05 2400 0.01 ·0.04 0.05 3690 ·0.06 -0.1 0.04 
1140 -0.05 -0.09 0.04 2430 0.02 ·0.04 0.06 3no ·0.05 -0. 1 0.05 
1170 -0.05 -0.09 0.04 2460 0.02 -0.03 0.05 3750 -0.04 -0.09 0.05 
1200 -0.06 -0.11 0.05 2490 0.03 ·0.03 0.06 3780 · 0.03 -0.08 0.05 
1230 -0.07 -0.11 0.04 2520 0.02 -0.04 0.06 3810 -0.04 -0.09 0.05 • 1260 -0.06 -0.1 0.04 2550 0.01 ·0.04 0.05 3840 -0.03 -0.09 0.06 
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TIME 

(min) 

3870 
3900 
3930 
3960 
3990 

4020 
4050 
4080 
4110 
4140 
4170 
4200 
4230 
4260 
4290 
4320 
4350 
4380 
4410 
4440 
4470 
4500 
4530 
4560 
4590 
4620 
4650 
4680 

4710 
4740 
4no 
4800 
4830 
4860 

4890 
4920 
4950 
4980 
5010 
5040 
5070 
5100 
5130 
5160 
5190 
5220 
5250 
5280 
5310 
5340 
5370 
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Table 5B3-3. Compar i son Between Background Water Levels in 
Wells 299-£25-22 and 299 - £25 -27. 

E25·22 E25·27 E25 · 22 
\I.L. 

(ft) 

·0.03 
·0.03 
·0.04 
·0.04 
·0.03 
· 0.04 
·0.05 
·0.05 
· 0.06 
·0.07 
·0.07 
·0.07 
· 0. 08 
·0.09 
·0.09 

· O. 1 

·0.1 
-0. 1 

·0.1 
·0.1 

· 0.09 
·0.09 
·0.1 
·0.1 

·0.09 
·0.08 
· 0.08 
· 0.08 
·0.08 
·0.08 
·0.08 
·0.08 
·0.07 
·0.08 
·0.08 
·0.08 
· 0.07 
·0.08 
·0.08 
· 0.08 
·0.08 
·0.07 
· 0.07 
·0.07 
·0.06 
·0.06 
·0.05 
·0.04 
·0.04 
· 0.05 
·0.06 

\I. L. MINUS 

(ft) E25·27 

·0.08 0.05 
·0.08 0.05 
·0.09 0.05 
· 0.09 0.05 
·0.09 0.06 
·0.09 0.05 
·0.1 0.05 

·0.11 0.06 
·0.12 0.06 
·0.12 0.05 
·0.12 0.05 
·0.13 0.06 
·0 . 14 0.06 
·0.14 0.05 
·0.14 0.05 
·0.15 0.05 
·0.15 0.05 
·0.14 0.04 
·0.14 0.04 
·0.14 0.04 
·0.14 0. 05 
·0.14 0.05 
·0.14 0.04 
·0.13 0.03 
·0.12 0.03 
· O. 12 0.04 
·0.12 0.04 
·0.13 0.05 
·0.12 0.04 
·0.12 0.04 
·0.13 0.05 
·0.12 0.04 
· 0.12 0.05 
· 0.12 0.04 
· 0.13 0.05 
·0.13 0.05 
· 0.12 0.05 
·0.13 0.05 
·0.13 0.05 
-0. 13 0.05 
· O. 13 0. 05 
· 0.12 0. 05 
· 0.13 0. 06 
·0.13 0.06 
· 0.12 
·0.11 
· 0.1 
· 0.1 
·0.1 

· 0.11 
·0.11 

0.06 
0.05 
0.05 
0.06 
0.06 
0.06 
0.05 

TIME 

(min) 

5400 
5430 
5460 
5490 
5520 
5550 
5580 
5610 
5640 
5670 
5700 
5730 
5760 
5790 
5820 
5850 
5880 
5910 

·5940 
5970 
6000 
6030 
6060 
6090 

6120 
6150 
6180 
6210 
6240 
6270 
6300 
6330 
6360 

6390 
6420 
6450 
6480 
6510 
6540 
6570 
6600 

6630 
6660 

6690 
6720 
6750 
6780 
6810 
6840 

(sheet 2 of 3) 

E25·22 E25 · 27 E25 · 22 
\I.L. 

(ft) 

·0.06 
· 0.06 
·0.06 
· 0.06 
· 0.06 
·0.07 
· 0.08 
·0.09 
·0.1 
·0.1 

·O. 11 
· O. 11 
· 0.12 
· 0.12 
· 0.13 
· 0.12 
· 0.12 
· 0. 12 
· 0.12 
· 0.12 
·0.1 1 
-0.1 
·0.1 
·0.1 
· 0. 1 
·0.1 
·0.1 
·0.1 

·0.09 
·0.09 
·0.09 
·0.09 
·0.08 
· 0.09 
·0.08 
·0.08 
· 0.07 
·0.07 
· 0.07 
· 0.07 
· 0.06 
· 0. 06 
· 0.04 
·0.04 
· 0.03 
·0.03 
· 0.02 
·0.03 
·0.02 

\I.L. MINUS 

(ft) E25·27 

·0.11 0.05 
·0.12 0.06 
· 0.12 0.06 
· 0.12 0.06 
·0.12 0.06 
·0.13 0.06 
·0.14 0.06 
·0.14 0.05 
·0.15 0.05 
·0.15 0. 05 
·0.16 0.05 
· 0.16 0.05 
· 0.16 0. 04 
·0.17 0. 05 
· 0.17 0.04 
-0.16 0.04 
· 0.16 0.04 
· 0.16 0. 04 
· 0.16 0.04 
· 0.16 0.04 
·0.14 0.03 
· 0.14 0.04 
·0.14 0.04 
·0 . 14 0.04 
-0.14 0.04 
· 0.14 0.04 
·0.14 0.04 
·0.14 0.04 
·0.14 0.05 
· 0.13 0.04 
·0.13 0.04 
· 0.14 0.05 
·0.13 0.05 
·O. 13 0.04 
· 0.13 0.05 
·0.13 0.05 
·0.13 0.06 
·0.12 0.05 
·0.12 0.05 
·0.12 0.05 
· 0.12 0.06 
· 0. 11 0.05 
· 0.1 0.06 
· 0.1 0.06 

·0 . 09 
·0.09 
· 0.09 
·0.09 
·0.09 

6870 ·0.02 ·0.09 
6900 ·0.02 ·0.09 

0.06 
0.06 
0.07 
0.06 
0.07 
0.07 
0.07 
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E25 · 22 E25 · 27 E25·22 
TIME \I.L. 

(min) Cft) 

6930 ·0.03 
6960 · 0.03 
6990 ·0.04 
7020 ·0.04 
7050 · 0.04 
7080 · 0.05 
7110 · 0.05 
7140 ·0.06 
7170 ·0.07 
7200 · 0.07 
7230 ·0.07 
7260 ·0.07 
7290 · 0.08 
7320 · 0.07 
7350 · 0.07 
7380 · 0.07 
7410· · 0.07 
7440 ·0.07 
7470 ·0 . 06 
7500 · 0.06 
7530 · 0.05 
7560 · 0.06 
7590 ·0.06 
7620 ·0.06 
7650 · 0.05 
7680 · 0.05 
n10 -0.05 
n4o -o.04 
mo -0.05 
7800 ·0.04 
7830 · 0.04 
7860 · 0.04 
7890 · 0.03 
7920 · 0.04 
7950 ·0.03 
7980 · 0.03 
8010 · 0.03 
8040 ·0.03 
8070 · 0.02 
8100 · 0.02 
8130 · 0.02 
8160 · 0.02 
8190 · 0.02 
8220 ·0.03 
8250 
8280 
8310 
8340 
8370 
8400 
8430 

·0.03 
·0.03 
·0.03 
·0.04 
·0.05 
·0.06 
·0.07 

\I . L . MINUS 

(ft) E25 · 27 

·0.09 0.06 
·0.1 0.07 
·0.1 0.06 

·0.11 0.07 
·0.11 0.07 
·0.12 0.07 
·0.12 0.07 
·0.13 0.07 
·0.13 0.06 
·0.14 0.07 
· 0.14 0.07 
· 0.14 0.07 
·0.13 0.05 
·0.13 0.06 
·0.13 0.06 
·0.12 0.05 
· 0.12 0.05 
·0.12 0.05 
·0.11 0.05 
·0.11 0.05 
-0. 1 0.05 

·0.11 0.05 
·0 . 11 0.05 
· O. 11 0.05 
· 0. 11 0.06 
· 0.11 0.06 
·0.11 0.06 
·0.1 0.06 

·0.11 0.06 
·0.11 0.07 
·0.1 0.06 
·0.1 0.06 
·0.1 0.07 
·0.1 0.06 
·0.1 0.07 

·0.09 0.06 
·0.09 0.06 
·0.09 0.06 
· 0.09 0.07 
· 0.09 0.07 
-0. 08 0. 06 
· 0. 08 0.06 
· 0.08 0.06 
·0.09 0.06 
·0.09 
·0.1 
·0.1 
·0.1 

· 0.11 
· 0.12 
·0.13 

0.06 
0.07 
0.07 
0.06 
0.06 
0.06 
0.06 
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· Table 583-3. Comparison Between Background Water Levels in 

• Wells 299-E25-22 and 299-E25-27. 
(sheet 3 of 3) 

E25·22 E25·27 E25·22 I E25·22 E25·27 E25·22 I E25·22 E25·27 E25·22 
TIME \I.L. \I. L. MINUS I TIME \I. L. \I. L. MINUS I TIME \I.L. W.L. MINUS 
(min) (ft) (ft) E25·27 I (min) (ft) (ft) E25·27 I (min) (ft) (ft) E25·27 

I 
8460 -0.07 -0.13 o.06 I 8880 -0.12 -0.15 0.03 9300 -0.09 -0.14 0.05 
8490 -0.08 ·0.14 o.06 I 8910 -0.11 -0.15 0.04 9330 ·0.09 -0.14 0.05 
8520 -0.09 -0.15 0.06 I 8940 -0. 1 -0.14 0.04 9360 -0.08 -0.14 0.06 
8550 -0. 1 -0.16 0.06 I 8970 -0. 1 -0.14 0.04 9390 -0.08 -0.14 0.06 
8580 -0.1 -0.16 o.06 I 9000 -0. 1 -0.14 0.04 9420 -0.08 -0.14 0.06 
8610 -0.11 ·0.16 o.o5 I 9030 -0.1 -0.15 0.05 9450 -0.07 -0.14 0.07 
8640 -0.12 -0.16 o.o4 I 9060 -0. 1 -0.15 0.05 9480 -0.07 -0.13 0.06 
8670 -0.12 -0.16 o.04 I 9090 -0.1 -0.15 0.05 9510 -0.06 -0.13 0.07 
8700 -0.13 -0.17 o.04 I 9120 -0. 1 -0.15 0.05 9540 -0.06 -0.12 0.06 
8730 -0.13 ·0.17 o.04 I 9150 -0.1 -0.15 0.05 9570 -0.05 -0.12 0.07 
8760 -0.13 -0.17 o.04 I 9180 -0.09 -0.14 0.05 9600 -0.05 -0.11 0.06 

0 8790 -0.13 -0.17 o.04 I 9210 -0. 1 -0.15 0.05 9630 -0.05 -0.11 0.06 

M 8820 -0.13 -0.17 o.04 I 9240 -0. 1 -0.15 0.05 9660 -0.04 -0.11 0.07 
8850 ·0.13 -0.16 o.o3 I 9270 -0.09 -0.15 0.06 9690 -0.04 -o.11 0.07 
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Figure 583-5. Water-Level Changes at Well 299 -E25-22 For the First Minute 
While Pumping This Well on August 31, 1987. 
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distance of the wells from the pumping well; i.e., they were situated outside • 
the cone of influence. 

AQUIFER TESTS 299-E25-32 AND 299-325-33 

Analyses from these aquifer tests are not yet complete. Qualitatively 
the results imply very high transmissivities. Drawdowns in wells 299-E25-32 
and 299-E25-33 were about 1 ft while pumping at rates of 390 and 370 gal/min, 
respectively. Refer to Section 5.4.4.3 for further information. The 
preliminary results from these tests are planned to be completed by 
March 1, 1990. 
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Water levels were measured either with a steel tape, which has an 
accuracy of± 0.02 ft, or with an electric tape, which has an accuracy of 
± 0.05 ft. The casing elevations have been surveyed by Kaiser Engineers 
Hanford, licensed engineering surveyors. 
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1 Table 5B4-1. Water-Level Elevation Data. ( sheet 1 of 7) • 2 
3 Datum, Depth to water Elevation 
4 Well ground level Date (ft below at water level 
5 (ft above measuring (ft above 
6 m.s.l.) point) m.s.l.) 
7 
8 299-E25-03 689.73 20-May-86 289.98 399.75 
9 23-Jul-87 284.32 405.41 

10 
11 299-E25-04 659.39 20-May-86 252.35 407 . 04 
12 29-Dec-86 252. 77 406.62 
13 17-Sep-87 252.05 407.34 
14 05-Nov-87 252.62 406. 77 
15 ll-Dec-87 252.99 406.40 
16 09-Feb-88 252.36 407.03 
17 29-Mar-88 252.51 406.88 
18 27-Apr-88 252.73 406.66 
19 30-Jun-88 252.41 406.98 

I"') 20 27-Jul-88 252.43 406 .96 
21 

LI) 22 299-E25-06 658.31 20-May-86 252 .18 406 .13 
23 
24 299-E25-08 658.31 20-May-86 251.90 406.41 

' 25 21-Aug-86 252.09 406.22 
26 
27 299-E25-09 654.86 24-Mar-86 248.30 406.56 
28 29-Dec-86 248.94 405.92 
29 02-Apr-87 248.96 405.90 

- 30 23-Jul-87 248.20 406.66 
31 17-Sep-87 247.85 407.01 
32 05-Nov-87 248. 77 406.09 
33 ll-Dec-87 249.05 405.81 
34 09-Feb-88 248.58 406.28 
35 29-Mar-88 248.58 406.28 
36 27-Apr-88 248.92 405.94 
37 30-Jun-88 248.34 406.52 
38 27-Jul-88 248 . 43 406.43 
39 
40 299-E25-ll 681. 28 20-May-86 275.42 405.86 
41 23-Jul-87 275.61 405.67 
42 17-Sep-87 275 .17 406 .11 
43 09-Nov-87 275.78 405.50 
44 14-Dec-87 275.76 405.52 
45 09-Feb-88 275.38 405.90 
46 29-Mar-88 275.87 405.41 
47 27-Apr-88 275.67 405.61 
48 29-Jun-88 276.02 405.26 
49 27-Jul-88 275.61 405.67 
50 
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· ~ Tab 1 e 584-1. Water-Level Elevation Data. (sheet 2 of 7) 

3 Datum, Depth to water Elevation 
4 Well ground level Date (ft below at water level 
5 (ft above measuring (ft above 
6 m.s.l.) point) m.s.l.) 
7 
8 299-E25-18 679.05 24-Mar-86 273.22 405.83 
9 20-May-86 273.13 405.92 

10 11-Feb-87 274.04 405.01 
11 23-Jul-87 273.41 405.64 
12 17-Sep-87 273.00 406.05 
13 05-Nov-87 273.56 405.49 
14 14-Dec-87 273. 71 405.34 
15 09-Feb-88 273.92 405 .13 
16 29-Mar-88 273.52 405.53 
17 27-Apr-88 273.70 405.35 
18 29-Jun-88 273.65 405.40 
19 27-Jul-88 273.57 405.48 
2 

~~n 299-E25-19 20-May-86 271.37 405.83 

2 299-E25-20 676.30 20-May-86 270.53 405. 77 
24 ll-Feb-87 271. 43 404.87 
2 17-Sep-87 270.40 405.90 
6 05-Nov-87 270.99 405.31 

27 14-Dec-87 271.13 405 .17 
2 09-Feb-88 271.31 404.99 
29 29-Mar-88 270.91 405.39 

27-Apr-88 270.95 405.35 
31 29-Jun-88 271.01 405.29 
3'-2 27-Jul-88 270.95 405.35 
3 
3 299-E25-21 20-May-86 270.99 406.28 
35 . 30-Dec-86 271. 46 405.81 
36 02-Nov-86 271. 98 405.29 
37 04-Feb-87 271.47 405.08 
38 23-Jul-87 271.18 406.09 
39 14-Dec-87 271. 61 405.66 
40 
41 299-E25-22 674.02 24-Mar-86 268.07 405.95 
42 20-May-86 268 .19 405.83 
43 07-0ct-86 268.00 406.02 
44 11-Feb-87 269.08 404.94 
45 05-Nov-87 268.64 405.38 
46 14-Dec-87 268.78 405.24 
47 09-Feb-88 268.38 405.64 
48 29-Mar-88 268.53 405.49 
i9 27-Apr-88 268.75 405.27 
50 30-Jun-88 268.48 405.54 

. 51 27-Jul-88 268.53 405.49 
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1 Table 5B4-1. Water - Level Elevation Data . (sheet 3 of 7} • 2 
3 Datum, Depth to water Elevation 
4 Well ground level Date (ft below at water level 
5 (ft above measuring (ft above 
6 m.s.l.) point) m.s.l.) 
7 
8 299-E25-24 679.55 24-Mar-86 273.00 406.55 
9 20-May-86 273.00 406 . 55 

10 07-Nov-86 272 . 90 406.65 
11 ll-Feb-87 274.12 405.43 
12 02-Apr-87 273.68 405.87 
13 23-Jul-87 273.25 406.30 
14 17-Sep-87 272.83 406.72 
15 05-Nov-87 273.74 405.81 
16 14-Dec-87 273.78 405. 77 
17 09-Feb-88 273.86 405 . 69 
18 29-Mar-88 273.49 406.06 
19 27-Apr-88 273.67 405.88 
20 29-Jun-88 273.44 406 . 11 
21 27-Jul-88 273 . 45 406 .10 

LO 22 
23 299-E25-25 669.42 24 -Mar-86 261.97 407 . 45 
24 20-May-86 262.03 407.39 

' 
25 21-Aug-86 262.54 406.88 
26 09 -Dec-86 262.84 406 . 58 
27 ll-Feb-87 263.49 405.93 
28 02-Apr-87 262 . 54 406.88 
29 23-Jul-87 261. 57 407 .85 
30 17-Sep-87 261 . 72 407.70 
31 05-Nov-87 262. 72 406.70 
32 10-Dec-87 262.78 406.64 
33 09-Feb -88 262.48 406.94 
34 27-Apr-88 262.89 406 . 53 
35 30-Jun-88 261. 83 407.59 

CT• 36 27-Jul-88 262 . 18 407.24 
37 
38 299-E25-26 668.55 20-May-86 262 .11 406 . 44 
39 21-Aug-86 262.26 406.29 
40 12 -Feb-87 263 .10 405.45 
41 23-Jul-87 261. 98 406.57 
42 17-Sep-87 261. 61 406.94 
43 05-Nov-87 262.40 406.15 
44 14-Dec-87 262.38 406.17 
45 09-Feb-88 262.44 406 .11 
46 29-Mar-88 262.27 406.28 
47 27-Apr-88 262.55 406.00 
48 30-Jun-88 262.06 406.49 
49 27-Jul -88 262.14 406.41 
50 
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• 1 Table 5B4-1. Water-Level Elevation Data. ( sheet 4 of 7) 
2 
3 Datum, Depth to water Elevation 
4 Well ground level Date (ft below at water level 
5 (ft above measuring (ft above 
6 m.s.l.) point) m.s.l.) 
7 
8 299-E25-27 676 .10 24-Mar-86 269.62 406.48 
9 20-May-86 269.51 406.59 

10 21-Aug-86 269.74 406.36 
11 11-Feb-87 270.68 405.42 
12 02-Apr-87 270.15 405.95 
13 23-Jul-87 269.44 406.66 
14 17-Sep-87 269.03 407.07 
15 05-Nov-87 269.94 406 .16 
16 14-Dec-87 269.98 406.12 
17 09-Feb-88 270.06 406.04 
1 . 29-Mar-88 269.82 406.28 

i 27-Apr-88 269.98 406.12 
30-Jun-88 269.59 406.51 
27-Jul-88 269.69 406.41 

2 
~ 299-E25-28 662.44 24-Mar-86 260.60 401.84 
24 21-Aug-86 256 .14 406.30 
2 02-Apr-87 256.29 406.15 

~ 23-Jul-87 255. 77 406.67 
17-Sep-87 255.43 407.01 

~ 05-Nov-87 256.40 406.04 
29 10-Dec-87 256.56 405.88 
30- 09-Feb-88 256.47 405.97 
31 29-Mar-88 256.21 406.23 
3? 27-Apr-88 256.54 405.90 

J4 
30-Jun-88 255.98 406.46 
27-Jul-88 256.08 406.36 

35. 
36 299-E25-29A 672.69 14-0ct-87 266.62 406.07 
37 16-0ct-87 266. 71 405.98 
38 05-Nov-87 266.68 406.01 
39 10-Dec-87 266.98 405. 71 
40 09-Feb-88 267.18 405.51 
41 29-Mar-88 266.67 406.02 
42 27-Apr-88 266.87 405.82 
43 
44 672 .84 30-Jun-88 266.89 405.95 
45 27-Jul-88 266.85 405.99 
46 
47 
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1 Table 5B4-1. Water -Level Elevation Data. ( sheet 5 of 7) • 2 
3 Datum, Depth to water Elevation 
4 Well ground level Date (ft below at water level 
5 (ft above measuring (ft above 
6 m.s.l.) point) m.s.l.) 
7 
8 299-E25-29B 672 .62 14-0ct-87 266.55 406.07 
9 16-0ct-87 266.63 405.99 

10 05-Nov-87 266.78 405 .84 
11 10-Dec-87 266.87 405.75 
12 09-Feb-88 267.08 405.54 
13 30-Jun-88 266.65 405.97 
14 27-Jul-88 266.69 405.93 
15 
16 299-E25-30A 678.02 14-0ct-87 271. 92 406.10 
17 16-0ct-87 271. 94 406.08 

0 18 05-Nov-87 272.19 405.83 
19 10-Dec-87 272. 43 405.59 
20 09 -Feb-88 272.31 405 . 71 

u, 21 
22 678.20 30 -Jun -88 272 .00 406.20 
23 27 -Jul-88 272 . 10 406 .10 
24 
25 299-E25-308 677. 93 14-0ct-87 271.89 406.04 
26 16-0ct -87 271. 99 405.94 
27 05-Nov-87 272 .14 405.79 
28 · 10-Dec-87 272.35 405.58 
29 09-Feb-88 272.23 405.70 
30 29 -Mar-88 271.77 406.16 
31 27-Apr-88 272 . 22 405. 71 
32 
33 677. 92 30-Jun-88 271. 70 406.22 
34 27-Jul-88 271.83 406.09 

-. 35 
36 299-E25-31 672.53 17-Sep-87 266 .11 406.42 
37 05-Nov-87 266.78 405.75 
38 10-Dec-87 266.90 405.63 
39 09-Feb-88 266.93 405.60 
40 29-Mar-88 266.53 406.00 
41 27-Apr-88 266.90 405.63 
42 30-Jun-88 266.52 406.01 
43 27-Jul-88 266.51 406.02 
44 
45 299-E25-32A 669.19 30-Jun-88 262.15 407 .04 
46 27 -Jul-88 262.37 406.82 
47 
48 299-E25-328 668.68 30 -Jun-88 261. 67 407.01 
49 27 -Jul-88 261.89 406 .79 
50 
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· ~ Table 5B4-1. Water-Level Elevation Data. ( sheet 6 of 7) 

3 Datum, Depth to water Elevation 
4 Well ground level Date (ft below at water level 
5 (ft above measuring (ft above 

~ m.s.l.) point) m.s.l.) 

8 299-E25-33 674.97 30-Jun-88 268.98 405.99 
9 27-Jul-88 269.03 405.94 

10 
11 299-E26-02 633.60 17-Sep-87 226 .37 407.23 
12 05-Nov-87 227.38 406.22 
13 ll-Dec-87 227.64 405.96 
14 09-Feb-88 227.55 406.05 
15 29-Mar-88 227.57 406.03 
16 27-Apr-88 227.54 406.06 
17 30-Jun-88 226 .94 406.66 
1 27-Jul-88 227.00 406.60 
19 
2 699-37-43 690.58 24-Mar-86 284.54 406.04 
21 22-Jul-87 284.55 406.03 
2 , 05-Nov-87 284.30 406.28 
23 14-Dec-87 284.37 406.21 
2 09-Feb-88 284.58 406.00 
2~ 29-Mar-88 284.87 405. 71 
6 27-Apr-88 284.36 406.22 
1 29-Jun-88 284.55 406.03 

28 27-Jul-88 284.38 406.20 
2 
30 699-39-39 536.65 20-Mar-86 117.11 419.54 
3r 22-Jul-87 116. 83 419.82 
3 08-Dec-87 124.03 412.62 
33 29-Jun-88 116. 46 420 .19 
3 27-Jul-88 121.31 415.34 
35 
36 ~ 699-42-40A 545.43 31-Dec-85 123.58 421.85 
37 20-Mar-86 120.54 424.89 
38 12-May-86 122.67 422.76 
39 05-Aug-86 121. 20 424.23 
40 12-Dec-86 124.50 420.93 
41 22-Jul-87 120.28 425.15 
42 29-Jun-88 120.32 425 .11 
43 27-Jul-88 121. 66 423. 77 
44 
45 699-42-408 546.46 31-Dec-85 122.48 423.98 
46 20-Mar-86 122.19 424.27 
47 12-Dec-86 124.48 421. 98 
48 22-Jul-87 121. 64 424.82 
49 17-Sep-87 121. 72 424.74 
50 05-Nov-87 124.08 422.38 -~ 10-Dec-87 123.40 423.06 

09-F.eb-88 121.17 425.29 
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1 Table 584-1. Water -Level Elevation Data . ( sheet 7 of 7) • 2 
3 Datum, Depth to water Elevation 
4 Well ground level Date (ft below at water level 
5 (ft above measuring (ft above 
6 m. s. 1.) point) m.s.l.) 
7 
8 699-42-40B (cont) 29-Mar-88 123 .33 423 .13 
9 27-Apr-88 123.69 422. 77 

10 29 -Jun-88 121. 92 424.54 
11 27 -Jul-88 122. 71 423.75 
12 
13 699-43 -42 564.48 19-Mar-86 143.61 420 .87 
14 12 -Dec-86 145.06 419.42 
15 22 -Jul-87 143 .10 421.38 
16 17 -Sep-87 143.40 421. 08 
17 05-Nov-87 144.59 419.89 
18 10-Dec-87 144.54 419.94 
19 09-Feb-88 143.64 420.84 

V 20 29-Mar-88 144.75 419.73 
21 ' 27-Apr-88 144.98 419.50 

} 22 29-Jun-88 143.51 420.97 
23 27 -Jul-88 144 . 14 420.34 
24 

• 25 699 -45-42 577 . 33 19-Mar-86 158.92 418.41 
26 22-Jul-87 158.09 419.24 
27 08-Dec-87 158.76 418.57 
28 30-Jun-88 158.19 419.14 
29 27-Jul-88 157.90 419 . 43 
30 
31 699-47 -46 580 .14 19-Mar-86 173.42 406.72 
32 22-Jul-87 174.28 405.86 
33 08-Dec-87 173.56 406.58 

C") 34 30-Jun-88 173.56 406.58 
35 27-Jul -88 173.39 406 . 75 
36 
37 
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BASELINE WATER-CHEMISTRY DATA COLLECTED BETWEEN 
BETWEEN SEPTEMBER 1985 AND JULY 1987 

Groundwater samples for an initial baseline and hydrochemical 
characterization were collected at the Grout Treatment Facility site by 
personnel from Pacific Northwest Laboratory through August 1987 from wells 
299-E25-25 through 299-E25-28. All of these wells are referred to as baseline 
wells except 299-E25-25. This well is now one of the detection monitoring 
wells, even through it originally was constructed as part of the baseline 
system. Detection monitoring wells include 299-E25-25, 299-E25-29, 299-E25-
31, 299-E25-32, and 299-E25-33. An additional well, 299 -E25-30, was completed 
in October 1987 as part of the baseline system to monitor groundwater quality 
in the area of the cribs to the southwest of the waste management area. The 
detection monitoring wells were complete~ the last quarter of 1987 or the 
first and second quarters of 1988 (see Table 5-1 in Chapter 5.0). The 
baseline wells were completed in Apr i l or May 1985 except 299~E25-28 which was 
completed in April 1986 , and 299-E25-30 as stated previously . 

22 Three of the wells from the baseline and detection wells are dual -piezometer 
23 installations : 299-E25-29 , 299-E25-30, and 299-E25-32. These wells are sampled 
4 - from the 4-in. 'A' piezometer that is completed at the top of the uppermost 
5 aquifer. The 2-in. 'B' piezometer is completed at the bottom of the uppermost 

aquifer and is used primarily for water-level measurements. 

Dedicated submersible pumps were used for purging and collecting groundwater 
samples from the baseline wells. In March 1988, a dedicated piston (Hydrostar*) 
pump replaced the submersible in 299-E25-25. Dedicated piston pumps were 

31 - installed in all the detection monitoring wells. Dedicated submersible pumps 
32 were installed in the other baseline wells. 
33 
34 
35 
36 ~ 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

• 

Laboratory analyses were conducted for all ot the constituents in the 
following tables by U.S. Testing Company, except 9Tc, which was analyzed by 
Pacific Northwest Laboratory. The tables in this appendix list groundwater 
sampling data available through August 1988. Tables 5B5-1 and 5B5-2 present 
summary information (pooled according to the constituent) for the baseline wells 
and the detection monitoring wells, respectively. In particular, these tables 
indicate which constituents exceeded the EPA drinking water standard if one is 
applicable. For many of the constituents, the EPA has not yet approved a 
drinking water standard. 

Table 5B3-3 lists the well sampled, date of sampling, and concentrations 
of the constituent analyzed for constity0gt concentrations that exceeded the EPA 
drinking water standards. Some of the Ru analysis results are listed as 
negative numbers. This occurred because a background value was subtracted from 
the measured concentration. 

The dates that sampling occurred for the baseline and detection monitori ng 
wells, through August 1988, are presented in Table 5B5-4. 

*Hydrostar is a trademark of Instrumentation Northwest, Incorporated. 
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Table 5B5-1. Summary of Analysis Results for Groundwater Samples Collected 
From Baseline Monitoring Wells 299-E25-26, 299-E25-27, and 299-E25-28 

Through August 1988. (sheet 1 of 8) • 
---------

Baseline Monitoring Wells 

CONSTITUENT I DRINKING 

-------------------------------------------------------I IJATER STANDARDS 

Name 

1,1,1,2-tetrachlorethane 
1,1,1-trichloroethane 
1,1,2,2-tetrachlorethane 
1,1,2-trichloroethane 
1,1-dichloroethane 
1,1-dichloroethylene 
1,1-dimethylhydrazine 
1,2,3,4-tetrachlorobenzene 
1,2,3,5-tetrachlorobenzene 
1,2,3-trichlorobenzene 
1,2,3-trichloropropane 
1,2,4,5-tetrachlorobenzene 
1,2,4-trichlorobenzene 
1,2-dibromo-3-chloropropane 
1,2-dibromoethane 
1,2-dichlorobenzene 
1,2-dichloroethane 
1,2-dichloropropane 
1,2-dimethylhydrazine 
1,2-diphenylhydrazine 
1,3,5-trichlorobenzene 
1,3-dichlorobenzene 
1,3-dichloropropene 
1,4-dichloro-2-butene 
1,4-dichlorobenzene 
1,4-naphthoquinone 
1-(o-chlorophenyl) thiourea 
1-acetyl-2-thiourea 
1-chloro-2,3-epoxypropane 
1-naphthyl-2-thiourea 
1-naphthylamine 
2,3,4,6-tetrachlorophenol 
2,4,5-T 
2,4,5-TP silvex 
2,4,5-trichlorophenol 
2,4,6-trichlorophenol 
2,4-D 
2,4-dichlorophenol 
2,4-dimethylphenol 
2,4-dinitrophenol 
2,4-dinitrotoluene 
2,6-dichlorophenol 
2,6-dinitrotoluene 

Units 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

200.0 
200.0 
10.0 

200.0 
10.0 
10.0 
2.0 
2.0 

50.0 
10.0 
2.0 

10.0 
10.0 
50.0 
10.0 
10.0 
10.0 
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Limit 

200.0 

7.0 

5.0 

10.0 

100.0 

Total 

3 

25 
3 

25 
3 

3 

2 

15 
15 
15 
3 

15 
15 
3 

3 

15 
3 

3 

2 

3 

15 
15 
3 

3 
15 
3 

3 

3 

3 

3 

3 

3 
3 

15 
3 

3 

15 
3 

3 

3 

3 

3 

3 

NUMBER OF SAMPLES 

Below 
Detection 

3 
25 
3 

25 
3 

3 

2 

15 
15 
15 
3 

15 
15 
3 

3 

15 
3 

3 

2 

3 

15 
15 
3 

3 

15 
3 

3 

3 

3 

3 

3 

3 

3 

15 
3 

3 

15 
3 

3 

3 

3 

3 

3 

Above 
Limit 

0 

0 

0 

0 

0 

3 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 • 
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Table 585- 1. Summary of Analysis Results for Groundwater Samples Collected 
From Baseline Monitoring Wells 299-E25-26, 299-E25-27, and 299 -E25 -28 

.. Through August 1988. (sheet 2 of 8) 
CONSTITUENT I DRINKING I NUMBER OF SAMPLES 

· · ···· · · · · · ··· ··· ·~,.•· ·· ·· · · ·· · · · · ·· ······· · · · ····· ·· ·· I WATER STANDARDS ···· ··· · ··· · · ·· · ··· ·· · · ··· ···· · ·· · 

Name 

2·acetylaminofluorene 
2·chloroethyl vinyl ether 
2·chloronaphthalene 
2·chlorophenol 

Units 

PPB 
PPB 
PPB 
PPB 

2·cyclohexyl·4,6·dinitrophenol PPB 
2·methyl·2·Cmethylthio) propio PPB 
2·methylaziridine PPB 
2·methyllactonitrile PPB 
2· naphthylamine PPB 
2· picoline PPB 
2· propyn·1·ol PPB 
2· sec · butyl·4,6·dinitrophenol PPB 
3,3'·dichlorobenzidine PPB 
3,3'·dimethoxybenzidine PPB 

Detection I· · · · · · · · ·· ········ 
Limit I 

. . . . . . . . . I 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

I 
I 
I 
I 

Limit 
Below 

Total Detect ion 

3 3 

3 3 

3 3 

3 3 

Above 
Limit 

0 

0 

0 

0 

L/J 3,3'·dimethylbenzidine PPB 

8000.0 
10.0 
20.0 
10.0 
10.0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 
3 

3 

3 

3 

3 

3 

3 
3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

3 

3 

3 

3 

3 

3 
3 

3 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.. 

3·chloropropionitrile PPB 
3· methylcholanthrene PPB 
4,4 1 ·methylenebisC2·chloroanil PPB 
4,6·dinitro·o·cresol and salts PPB 
4·aminobyphenyl PPB 
4· bromophenyl phenyl ether PPB 
4·nitrophenol PPB 
5·Caminomethyl)·3·isoxazolol PPB 
5·nitro·o·toluidine PPB 
7,12·dimethylbenz[a]anthracene PPB 
7H·dibenzo[c,g]carbazole PPB 
Acetone 
Acetoni trile 
Acetophenone 
Acrolein 
Acrylamide 

PPB 
PPB 
PPB 
PPB 
PPB 

Acrylonitrile PPB 
Aldrin PPB 
Allyl alcohol PPB 
Alpha,alpha·dimethylphenethyla PPB 
Alpha·BHC PPB 
Al1.ninun PPB 
Al1.ninun, filtered 
Americi1.n·241 
Amitrole 
Anmon i 1.n ion 
Aniline 
Antimony 
Antimony, filtered 
Aramite 
Arochlor 1016 
Aroch Lor 1221 

PPB 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

4000.0 
10.0 
10 .0 
10.0 
10.0 
10.0 
50.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
10.0 
10.0 

10000.0 
10.0 
1.0 

3000.0 
10.0 
1.0 

150.0 
150.0 

• 1 

10.0 
50.0 
10.0 

100.0 
100.0 
10.0 
1.0 
1.0 

APP 585-3 

4.0 15 
29 

5 

4 

3 
28 

3 

28 

5 

3 

15 
15 

15 
27 

5 

4 

3 

25 
3 

28 
5 

3 

15 
15 
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Table 585-1. Summary of Analysis Results for Groundwater Samples Collected 
From Baseline Monitoring Wells 299-E25-26, 299-E25-27, and 299-E25-28 

Through August 1988. (sheet 3 of 8) 
CONSTITUENT DRINKING NUMBER OF SAMPLES 

··················· ··· ·················· ······· ········ WATER STANDARDS ······· ············ ·········· ·· ··· 

Name 

Arochlor 1232 
Arochlor 1242 
Arochlor 1248 
Arochlor 1254 
Arochlor 1260 
Arsenic 
Arsenic, filtered 
Auramine 
Barium 
Barium, filtered 
Benz[a]anthracene 
Benz[c]acridine 
Benzene 
Benzene, dichloromethyl 
Benzenethoil 
Benzidine 
Benzo[a]pyrene 
Benzo[blfluoranthene 
Benzo[j]fluoranthene 
Benzyl chloride 
Beryl l iam 

Beryllium, filtered 
Beta·BHC 
Bis(2·chloroethoxy) methane 
Bis(2·chloroethyl) ether 
Bis(2·chloroisopropyl)ether 
Bis(2·ethylhexyl) phthalate 
Bis(chloromethyl) ether 
Bromide 
Bromoacetone 
Bromoform 
Butyl benzyl phthalate 
Cacmium 
Cacmium, filtered 
Calcium 
Calcium, filtered 
Carbon disulfide 
Carbon·14 
Carbophenoth ion 
Cesium·137 
Chloral 
Chlordane 
Chloride 
Chlornaphazine 
Chloroacetaldehyde 
Chloroalkyl ethers 
Chlorobenzene 

Units 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PCI/L 
PPB 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
5.0 

10.0 
6.0 
6.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
5.0 
5.0 
1.0 

10.0 
10.0 
10.0 
10.0 
10.0 

1000.0 
10.0 
10.0 
10.0 
2.0 
2.0 

50.0 
50.0 
10.0 
20.0 
2.0 

20.0 
3000.0 

1.0 
500.0 
10.0 

16000.0 
10.0 
10.0 

APP 585-4 

Limit Total 

50.0 
50.0 

1000.0 
1000.0 

5.0 

4.0 

100.0 

10.0 
10.0 

200.0 

15 
15 
15 
15 
15 
29 

5 

3 

29 
5 

3 
3 

12 
3 

3 

3 

3 
3 

3 

3 

28 
5 

15 
3 

3 
3 

3 

3 

10 
3 

3 

3 

28 
5 

29 
5 

3 
4 

3 

28 
2 
3 

28 
3 

3 

3 

3 

Below 
Detection 

15 
15 
15 
15 
15 
10 

1 

3 
0 

0 

3 

3 

12 
3 

3 

3 

3 

3 

3 

3 

28 
5 

15 
3 

3 

3 

3 

3 

10 
3 

3 

3 

28 
5 

0 

0 

3 

0 

3 

28 
2 

3 

0 

3 

3 

3 

3 

Above 
Limit 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

• 
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Table 585-1. Summary of Analysis Results for Groundwater Samples Collected 
From Baseline Monitoring Wells 299-£25-26, 299-£25-27, and 299-E25-28 

Through August 1988. (sheet 4 of 8) 
CONSTITUENT DRINKING I NUMBER OF SAMPLES 

······· ······· ·········•·····•···················· · ···· WATER STANDARDS I···· · ··················· · ·· · ······ 

Name 

Chlorobenzilate 
Chloroform 
Chloromethyl methyl ether 
Chromiun 
Chromiun, filtered 
Chrysene 
Citrus red 
Cobalt·60 
Coliform bacteria 
Conductivity, Laboratory 
Copper 
Copper, filtered 
Cresols 
Crotonaldehyde 

LO Cyanide 
Cyanogen 
Cyanogen bromide 
Cyanogen chloride 
DOD 

:') DOE 
DDT 
Delta·BHC 
Di·n·butyl phthalate 
Di·n·octyl phthalate 
Di·n·propylnitrosamine 
Dibenz[a,h]acridine 
Dibenz[a,h]anthracene 
Dibenz[a,j]acridine 

,. Di benzo Ca, e] pyrene 
Dibenzo[a,h]pyrene 
Dibenzo[a,i]pyrene 
Dibromomethane 
Dichlorodifluoromethane 
Dichloropropanol 
Dieldrfn 
Diethyl phthalate 
Diethylarsine 
Diethylstilbesterol 
Dihydrosafrole 
Dimethoate 
Dimethyl phthalate 
Dinitrobenzene 
Dioxane 
Dioxin 
Diphenylamine 
Disulfoton 
Endosulfan I 

Units 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB -

PPB 
PCI/L 
MPN 
UMHO 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

100.0 
10.0 
10.0 
10.0 
10.0 
10.0 

1000.0 
22.5 
2.2 
1.0 

10.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
3000.0 
3000.0 

1.0 
1.0 
1.0 
1.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
1.0 

10.0 
10.0 

200.0 
10.0 
5.0 

10.0 
10.0 

500.0 
.1 

10.0 
2.0 
1.0 

APP 5B5-5 

........... . . .. ... I 
Limit I Total 

100.0 

50.0 
50.0 

100.0 
1.0 

4.0 

I 
I 
I 

5 

16 

3 

29 

5 
3 

3 
28 

24 
4 

28 

5 

3 

3 

3 

2 

2 

2 
3 

3 

3 

15 
3 

3 

3 

3 

3 

3 
3 

3 

3 

3 

3 

2 
3 

3 

3 

3 

3 

3 

3 
3 

12 
1 

3 

3 

3 

Below 
Detection 

5 
16 

3 

26 

5 

3 
3 

28 

0 

0 

28 

4 

3 

3 

3 

2 

2 

2 
3 

3 

3 

15 
3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

3 

3 

3 

3 

3 

2 
3 

3 

12 
0 

3 

3 

3 

Above 
Limit 

0 

0 

0 

2 
0 

0 

0 

0 

24 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table 5B5-1. Summary of Analysis Results for Groundwater Samples Collected 
From Baseline Monitoring Wells 299-E25-26, 299-E25-27, and 299-E25-28 

Through August 1988 (sheet 5 of 8) 
CONSTITUENT DRINKING I NUMBER OF SAMPLES 

· · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · \/ATER STANDARDS · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • · 

Name 

Endosulfan II 
Endrin 
Ethyl carbamate 
Ethyl cyanide 
Ethyl methacrylate 
Ethyl methanesulfonate 
Ethylene glycol 
Ethylene oxide 
Ethyleneimine 
Ethylenethiourea 
Fluoranthene 
Fluoride 
Fluoroacetic acid 
Formal in 
Ganma·BHC 
Glycidylaldehyde 
Gross alpha 
Gross beta 
Heptachlor 
Heptchlor epoxide 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Hexachlorophene 
Hexachloropropene 
Hexone 
Hydrazine 
Hydrazine, low DL 
Hydrogen sulfide 
Indeno(1,2,3·cd)pyrene 
Iodine-129 
I odomethane 
Iron 
Iron, filtered 
Isobutyl alcohol 
Isosafrole 
Kerosene 
Lead 
Lead (graphite furnace) 
Lead, filtered 
Magnesium 
Magnesium, filtered 
Maleic hydrizide 
Malononitri le 
Manganese 

Manganese, filtered 

Units 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PCI/L 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

1.0 
1.0 

5000.0 
3000.0 
3000.0 

10.0 
10000.0 
3000.0 

10.0 
200.0 
10.0 

500.0 
3000.0 
500.0 

1.0 
3000.0 

4.0 
8.0 
1.0 
1.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
30.0 
10.0 
10.0 
15.0 
10.0 
50.0 
50.0 

3000.0 
10.0 

10000.0 
30.0 
5.0 
5.0 

50.0 
50.0 

500.0 
10.0 
5.0 
5.0 

APP 5B5-6 

Limit Total 

.2 

4000.0 

4.0 

15.0 
50.0 

50.0 
50.0 

3 

15 
3 

3 

3 

3 
1 

3 

3 
3 

3 

28 

2 
12 
15 
2 

24 
24 
3 

3 

15 
3 

3 

3 
15 
6 

1 

3 

2 
3 

3 

4 

3 

29 
5 

3 

3 

15 
3 

26 

5 

20 
5 

5 

3 

29 
5 

Below 
Detection 

3 

15 
3 

3 

3 

3 
1 

3 

3 

3 

3 

23 
2 

12 
15 
2 

23 

12 
3 

3 

15 
3 

3 

3 

15 
6 

1 

3 

2 
3 

3 

4 

3 

6 

5 

3 

3 

15 
3 

25 
5 

0 

0 
5 

3 

26 

5 

Above 
Limit 

0 
14 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

• 
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Table 5B5-1. Summary of Analysis Results for Groundwater Samples Collected 
From Baseline Monitoring Wells 299-E25 -26, 299-£25-27, and 299-E25-28 

Through August 1988. (sheet 6 of 8) 
CONSTITUENT DRINKING I NUMBER OF SAMPLES 

Name 

Melphalan 
Mercury 
Mercury, filtered 
Methacrylonitrile 
Methanethiol 
Methapyrilene 
MetholQnyl 
Methoxychlor 
Methyl bromide 
Methyl chloride 
Methyl ethyl ketone 
Methyl hydrazine 
Methyl" methacrylate 
Methyl ~methanesulfonate 
Methyl parathion 
Methylene chloride 
Methyl thiouracil 
N,N -diethylhydrazine 
N-nitroso-N-methylurethane 
N-nitrosodi -n-butylamine 
N-nitrosodiethanolamine 
N-nitrosodiethylamine 
N-nitrosodimethylamine 
N-nitrosomethylethylamine 
N-nitrosomethylvinylamine 
N-nitrosomorpholine 
N-nitrosonornicotine 
N-nitrosopiperidine 
N-phenylthiourea 
N-propylamine 
Naphthalene 
Nickel 
Nickel, filtered 
Nicotinic acid 
Nitrate 

Units 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Nitrite PPB 
Nitrobenzine PPB 
Nitrosopyrrolidine PPB 
O,O,O-triethyl phosphorothioat PPB 
O-toluidine hydrochloride PPB 
Osmium 
Osmium, filtered 
P benzoquinone 
P-chloro-m-cresol 
P-chloroaniline 
P-dimethylaminoazobenzene 
P-nitroani line 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

10_0 

-1 
• 1 

10_0 
10_0 
10_0 
10_0 
3_0 

10_0 
10_0 
10_0 

3000_0 
10_0 
10_0 

2-0 
10.0 
10_0 
10_0 
10_0 
10_0 
10_0 
10_0 
10_0 

10.0 
10_0 
10.0 
10.0 
10.0 

500_0 
10000.0 

10.0 
10.0 
10.0 

100.0 
500.0 

1000.0 
10.0 
10.0 
10.0 
10.0 

300.0 
300.0 

10.0 
10.0 
10.0 
10.0 
50.0 

APP 5B5-7 

WATER STANDARDS j-------- --- --------------- --------

Limit 

2.0 
2.0 

100.0 

45000.0 

Total 

3 
28 
5 

3 

3 

3 

3 

15 
3 

3 

25 
2 

3 
3 

3 

16 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

15 
29 

5 
5 

28 
10 
3 

3 

3 

3 

24 

2 
3 

3 

3 

3 

3 

Below 
Detection 

3 

0 

0 

3 

3 

3 

3 

15 
3 

3 

25 
2 
3 

3 

3 

16 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

15 
26 
5 

5 

0 
10 
3 

3 
3 

3 

24 

2 

3 

3 

3 

3 

3 

Above 
Limit 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table 5B5-1. Summary of Analysis Results for Groundwater Samples Collected 
From Baseline Monitoring Wells 299-E25-26, 299-E25-27, and 299-E25-28 

• Through August 1988. (sheet 7 of 8) 
CONSTITUENT I DRINKING I NUMBER OF SAMPLES 

... ... - ... ......... ... -·. -·- . ... -.. . .... ... -. . - ........ -· ---·---- -- ....... ........... -. - WATER STANDARDS ,---------- --- -- --- -- --------- ---·· 
Detection -- --·- --- ----- ----, Below Above 

Name Units Limit Limit I Total Detection Limit 
-- -.... ... ....... -.. --- -- -· · ---... ... .......... .... -.... .. . - I -........ ---
Paraldegyde PPB 3000.0 I 3 3 0 
Parathion PPB 2.0 I .3 3 0 
Pentachlorobenzene PPB 10.0 I 15 15 0 
Pentachloroethane PPB 10.0 3 3 0 
Pentachloronitrobenzene PPB 10.0 3 3 0 
Pentachlorophenol PPB 50.0 3 3 0 
Perchloroethylene PPB 10.0 25 25 0 
Phenacetin PPB 10.0 3 3 0 
Phenol PPB 10.0 15 15 0 
Phenol, low DL PPB 10.0 2 2 0 
Phenylenediamine PPB 10.0 3 3 0 
Phosphate PPB 1000.0 28 27 0 
Phthalic acid esters PPB 10.0 3 3 0 

U) Plutoniun-238 PCI/L 17.0 3 3 0 
Plutoniun-239,240 PCI/L 17.0 3 3 0 

LO Potassiun PPB 100.0 29 0 0 
Potassiun, filtered PPB 100.0 5 0 0 
Pronamide PPB 10.0 3 3 0 

.. Pyridine PPB 500.0 12 12 0 
Radiun PCI/L 1.0 5_0 24 24 0 
Reserpine PPB 10.0 3 3 0 
Resorcinol PPB 10.0 3 3 0 
Rutheniun-106 PCI/L 1n.5 30.0 28 28 5 
Safrol PPB 10.0 3 3 0 
Seleniun PPB 5.0 10.0 28 28 0 
Seleniun, filtered PPB 5.0 10.0 5 5 0 
Silver PPB 10.0 50.0 28 28 0 
Silver, filtered PPB 10.0 50.0 5 5 0 
Sodiun PPB 100.0 29 0 0 
Sodiun, filtered PPB 100.0 5 0 0 
Specific conductance UMHO 1.0 43 0 0 
Strontiun PPB 300_0 29 29 0 
Strontiun, filtered PPB 300.0 5 5 0 
Stront iun-90 PCI/L 5.0 8.0 3 3 0 
Strychnine PPB 50.0 5 5 0 
Sulfate PPB 500.0 28 0 0 
Sulfide PPB 1000.0 3 3 0 
Suspended sol ids MG/L 5.0 6 0 0 
Sym·trinitrobenzene PPB 10.0 3 3 0 
Technetiun·99 PCI/L 15.0 900.0 8 8 0 
Tetrachloromethane PPB 10.0 5.0 25 25 24 
Tetraethylpyrophosphate PPB 100.0 3 3 0 
Thalliun PPB 10.0 6 6 0 
Thalliun, filtered PPB 10.0 5 5 0 
Thiofanox PPB 10.0 3 3 0 
Thiourea PPB 200.0 3 3 0 • Thiuram PPB 10.0 3 3 0 

APP 5B5-8 



• 

• 

DOE/RL 88-27 
Rev. l, 01/17/90 

Table 5B5-1. Summary of Analysis Results for Groundwater Samples Collected 
From Baseline Monitoring Wells 299 -E25 -26, 299 -E25-27, and 299-E25-28 

· Through August 1988. (sheet 8 of 8) 
CONSTITUENT DRINKING I NUMBER OF SAMPLES 

. . . . . . . . . . . . . . . . . . • . . • . . . . • . . • . . . . . . . . . . . • . . . . . • . . • . . . . WATER STANDARDS I · ... ......... . . . ...... . ... . ...... . 

Name 

Toluene 
Toluenediamine 
Total carbon 
Total dissolved solids 
Total organic carbon 
Total organic halogen 
Total organic halogen, low DL 
Toxaphene 
Trans-1,2-dichloroethene 
Tributylphosphoric Acid 
Trichloroethylene . .) 
Trichloromethanethiol 

L/l Tri ch l oromonof l uoromethane 
Trichloropropane 

L/l Tris(2,3·dibromopropyl) phosph 
Tritil.111 
Uraniun-234 
Uraniun-235 
Uraniun-238 
Vanadiun . 
Vanadiun, filtered 
Vinyl chloride 
Warfarin 
Xylene·m 
Xylene·o,p 
Zinc 
Zinc, filtered 
pH, field 

' pH, laboratory 

Units 

PPB 
PPB 
PPB 
MG/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Dete.ct ion · · · · · · · · · · · · · · · · · · I Bel ow Above 
Limit Limit I Total Detection Limit 

. . . . . . . . . I . . ...... . 
10.0 I 12 12 
10.0 I 3 3 

1000.0 I 19 o 
5.o I 15 o 

1000.0 I 40 37 
100.0 I 18 18 
20.0 I 16 13 
1.0 5.o I 15 15 

10.0 I 3 3 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

500.0 
• 1 

• 1 
• 1 

5.0 
5.0 

10.0 
10.0 
10.0 
10.0 
5.0 
5.0 

.1 

.o 

APP 5B5-9 

5.0 

20000.0 

2.0 

1 

25 
3 

3 

3 

3 

28 
3 

3 

3 

29 
5 

3 

3 

25 
25 
28 
5 

35 
4 

1 

25 
3 

3 

3 

3 

0 

0 

3 

0 

0 

0 

3 

3 

25 
25 
9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

24 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 
() 

0 
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Table 5B5-2. Summary of Analysis Results for Groundwater Samples Collected 
From Detection Monitoring Wells 299-E25-29A, 299-E25-32A, and 299-E25 -33 

Through August 1988. (sheet 1 of 8) • 
---------

Detection Monitor ing Wells 

CONSTITUENT DRINKING I NUMBER OF SAMPLES 

······· ··· ·· · ····· · ·· ········· · ··· · · ·· ··········· · ·····I WATER STANDARDS I· · · ·· · · · · · · · ··· · ···· ·· · · ··· ·· ···· · 

Name 

1,1,1,2·tetrachlorethane 
1,1,1·trichloroethane 
1,1,2,2·tetrachlorethane 
1,1,2·trichloroethane 
1,1 ·dichloroethane 
1,1 ·dichloroethylene 
1,1 ·dimethylhydrazine 
1,2,3,4·tetrachlorobenzene 
1,2,3,S·tetrachlorobenzene 
1,2,3· trichlorobenzene 
1,2,3·trichloropropane 
1,2,4,S·tetrachlorobenzene 
1,2,4·trichlorobenzene 
1,2·dibromo·3·chloropropane 
1,2·dibromoethane 
1,2·dichlorobenzene 
1,2·dichloroethane 
1,2·dichloropropane 
1,2·dimethylhydrazine 
1,2·diphenylhydrazine 
1,3,5·trichlorobenzene 
1,3·dichlorobenzene 
1,3· dichloropropene 
1,4·dichloro·2·butene 
1,4·dichlorobenzene 
1,4·naphthoquinone 
1·(o·chlorophenyl) thiourea 
1·acetyl·2· thiourea 
1· chloro·2,3·epoxypropane 
1· naphthyl · 2·thiourea 
1 ·naphthylamine 
2,3,4,6· tetrachlorophenol 
2,4,S·T 
2,4,S · TP silvex 
2,4,S·trichlorophenol 
2,4,6·trichlorophenol 
2,4 ·0 
2,4 -dichlorophenol 
2,4·dimethylphenol 
2,4· dinitrophenol 
2,4·dinitrotoluene 
2,6-dichlorophenol 
2,6·dinitrotoluene 

Units 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection l···· ·· ····· · ······I 
Limit I 

. . . . . . . . . I 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10 .0 
10.0 
10.0 
10.0 
10.0 

3000.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

200.0 
200.0 
10.0 

200.0 
10.0 
10.0 
2.0 
2.0 

50.0 
10.0 
2.0 

10.0 
10.0 
50.0 
10.0 
10.0 
10.0 

APP 5B5-10 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Limit 

200.0 

7.0 

5.0 

10.0 

100.0 

Total 

5 
13 

5 
13 

5 
5 

10 
10 
10 
5 

10 
10 

5 

5 
10 
5 
5 

4 

10 
10 
5 
5 

10 
4 

4 

4 

4 

4 

4 

4 

4 

16 
4 

4 

16 
4 

4 

4 

4 

4 

4 

Below 
Detection 

5 

13 
5 

13 
5 

5 

10 
10 
10 
5 

10 
10 

5 

5 

10 
5 

5 

4 

10 
10 
5 
5 

10 
4 

4 

4 

4 

4 

4 

4 

4 

16 
4 

4 
16 
4 

4 

4 

4 

4 

4 

Above 
Limit 

0 
0 

0 

0 

0 

5 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 • 
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Table ~ B5-2. Summary of Analysis Results for Groundwater Samples Collected 
From Detection Monitoring Wells 299-E25-29A, 299-E25-32A, and 299-E25-33 

Through August 1988. (sheet 2 of 8) 
CONSTITUENT I DRINKING I NUMBER OF SAMPLES 

·· ······· · ················· ···· ······ · ········ ··· · · ·· · ·I WATER STANDARDS · ··· · ··· · ········ ·· ··· · ········•·· 

Name Units 

2·acetylaminofluorene PPB 
2·chloroethyl vinyl ether PPB 
2·chloronaphthalene PPB 
2·chlorophenol PPB 
2·cyclohexyl·4,6·dinitrophenol PPB 
2·methyl·2·(methylthio) propio PPB 
2·methylaziridine PPB 
2·methyllactonitrile PPB 
2·naphthylamine PPB 
2·picoline PPB 
2·propyn·1·ol PPB 
2·sec·butyl·4,6·dinitrophenol PPB 
3,3'·dichlorobenzidine PPB 
3,3'·dimethoxybenzidine PPB 
3,3 1 ·dimethylbenzidine PPB 
3·chloropropionitrile PPB 
3·methylcholanthrene PPB 
4,4 1 ·methylenebis(2·chloroanil PPB 
4,6·dinitro·o·cresol and salts PPB 
4·aminobyphenyl PPB 
4·bromophenyl phenyl ether PPB 
4·nitrophenol PPB 
5·(aminomethyl)·3·isoxazolol PPB 
5·nitro·o·toluidine PPB 
7,12·dimethylbenz[a]anthracene PPB 
7H·dibenzo[c,g]carbazole PPB 
Acetone PPB 
Acetonitrile PPB 
Acetophenone PPB 
Acrolein PPB 
Acrylamide PPB 
Acrylonitrile PPB 
Aldrin PPB 
All yl alcohol PPB 
Alpha,alpha·dimethylphenethyla PPB 
Alpha·BHC PPB 
Al1.111inun PPB 
Al1.111inun, filtered 
Americi1.111·241 
Amitrole 
Anmoni1.111 ion 
Aniline 
Antimony 
Antimony, filtered 
Aramite 
Arochlor 1016 
Arochlor 1221 

PPB 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

8000.0 
10.0 
20.0 
10.0 
10.0 

4000.0 
10.0 
10.0 
10.0 
10.0 
10.0 
50.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
10.0 
10.0 

10000.0 
10.0 
1.0 

3000.0 
10.0 
1.0 

150.0 
150.0 

.1 
10.0 
50.0 
10.0 

100.0 
100.0 
10.0 
1.0 
1.0 

APP 5B5-11 

Limit 

4.0 

Total 

4 

5 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
4 

4 

4 

4 
4 
4 

4 

1 

5 

4 
5 
4 

5 
4 

4 

4 

16 
23 
15 

2 

4 
22 
4 

23 
15 
4 

9 

9 

Below 
Detection 

4 

5 
4 

4 

4 
4 

4 

4 

4 

4 
4 

4 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
4 

0 

5 

4 

5 
4 

5 
4 

4 

4 

16 
19 
14 
2 

4 
18 
4 

23 
15 
4 

9 

9 

Above 
Limit 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table 585-2. Summary of Analysis Results for Groundwater Samples Collected 
From Detection Monitoring Wells 299-E25-29A, 299-E25-32A, and 299-£25-33 

Through August 1988. (sheet 3 of 8) 

CONSTITUENT I DRINKING I NUMBER OF SAMPLES 
....................................................... I WATER STANDARDS - .............. - - - ...• -..... - - -.. . 

Name 

Arochlor 1232 
Arochlor 1242 
Arochlor 1248 
Arochlor 1254 
Arochlor 1260 
Arsenic 
Arsenic, filtered 
Auramine 
Barium 
Barium, filtered 
Benz[a]anthracene 
Benz[c]acridine 
Benzene 
Benzene, dichloromethyl 
Benzenethoil 
Benzidine 
Benzo[a]pyrene 
Benzo[b]fluoranthene 
Benzo[j]fluoranthene 
Benzyl chloride 
Berylliam 
Beryllium, filtered 
Beta·BHC 
Bis(2·chloroethoxy) methane 
Bis(2·chloroethyl) ether 
Bis(2·chloroisopropyl)ether 
Bis(2·ethylhexyl) phthalate 
Bis(chloromethyl) ether 
Bromide 
Bromoacetone 
Bromoform 
Butyl benzyl phthalate 
Cadmium 
Cadmium, fi I tered 
Calcium 
Calcium, filtered 
Carbon disulfide 
Carbon·14 
Carbophenothion 
Cesium·137 
Chloral 
Chlordane 
Chloride 

· Chlornaphazine 
Chloroacetaldehyde 
Chloroalkyl ethers 
Chlorobenzene 

Units 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PCI/L 
PPB 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
5.0 

10.0 
6.0 
6.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
5.0 
5.0 
1.0 

10.0 
10.0 
10.0 
10.0 
10.0 

1000.0 
10.0 
10.0 
10.0 
2.0 
2.0 

50.0 
50.0 
10.0 
20.0 
2.0 

20.0 
3000.0 

1.0 
500.0 
10.0 

16000.0 
10.0 
10.0 

APP 585-12 

Limit 

50.0 
50.0 

1000.0 
1000.0 

5.0 

4.0 

100.0 

10.0 
10.0 

200.0 

Total 

9 
.9 

9 
9 

9 
23 
15 
4 

23 
15 
4 

4 

9 

4 
4 

4 

4 

4 

4 

4 

23 
15 
16 
4 

4 
4 

4 

5 

14 
5 

5 

4 

23 
15 
23 
15 

5 

2 

4 
19 

1 

4 

22 
4 

4 
4 

5 

Below 
Detection 

9 

9 

9 

9 

9 

18 

9 
4 

0 

4 

4 

4 

9 

4 

4 

4 

4 

4 

4 

4 

23 
15 
16 
4 

4 

4 
4 

5 
14 
5 

5 

4 

22 
15 
0 

0 

5 
0 

4 

19 

1 
4 

0 

4 

4 

4 

5 

Above 
Limit 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

5 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
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Table 585-2 . Summary of Analysis Results for Groundwater Samples Collected 
From Detection Monitoring Wells 299-E25-29A, 299-E25-32A, and 299-E25-33 

Through August l988. {sheet 4 of 8) 
CONSTITUENT I DRINKING NUMBER OF SAMPLES 

···········································,···········I WATER STANDARDS .. .. .•... ..... .. ..... ............. 

Name 

Chlorobenzilate 
Chloroform 
Chloromethyl methyl ether 
Chromiun 
Chromiun, filtered 
Chrysene 
Citrus red 
Cobalt·60 
Coliform bacteria 
Conductivity, Laboratory 
Copper 
Copper, filtered 
Cresols 
Crotonaldehyde 
Cyanide 
Cyanogen 
Cyanogen bromide 
Cyanogen chloride 
DDD 
DDE 
DDT 
Delta·BHC 
Di·n·butyl phthalate 
Di·n·octyl phthalate 
Di·n·propylnitrosamine 
Dibenz[a,h]acridine 
Dibenz[a,h]anthracene 
Dibenz[a,j]acridine 
Dibenzo[a,e]pyrene 
Dibenzo[a,h]pyrene 
Dibenzo[a,i]pyrene 
Dibromomethane 
Dichlorodifluoromethane 
Dichloropropanol 
Dieldrin 
Diethyl phthalate 
Diethylarsine 
Diethylstilbesterol 
Dihydrosafrole 
Dimethoate 
Dimethyl phthalate 
Dinitrobenzene 
Dioxane 
Dioxin 
Diphenylamine 
Disulfoton 
Endosulfan I 

Units 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PCI/L 
MPN 
UMHO 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

100.0 
10.0 
10.0 
10.0 
10.0 
10.0 

1000.0 
22.5 
2.2 
1.0 

10.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
3000.0 
3000.0 

1.0 
1.0 
1.0 
1.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
1.0 

10.0 
10.0 

200.0 
10.0 
5.0 

10.0 
10.0 

500.0 
.1 

10.0 
2.0 
1.0 

APP 585-13 

Limit Total 

100.0 

50.0 
50.0 

100.0 
1.0 

4.0 

6 

9 

5 
23 
15 
4 
4 

19 

19 

3 

23 
15 
4 

5 

4 

1 

1 

4 

4 

4 

16 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 
5 

4 

4 

5 
4 

4 

4 

4 

4 
9 

3 

4 

4 
4 

Below 
Detection 

6 

9 

5 

13 
14 
4 

4 

19 

0 

0 

21 
15 
4 

5 

4 

1 

4 

4 

4 

16 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 
5 

4 

4 

5 
4 

4 

3 

4 

4 

9 

0 

4 

4 

4 

Above 
Limit 

0 

0 

0 

4 

0 

0 

0 

0 

19 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 
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Table 585-2. Summary of Analysis Results for Groundwater Samples Collected 
From Detection Monitoring Wells 299-E25-29A, 299 - E25-32A, and 299-E25-33 

Through August 1988. (sheet 5 of 8) 
CONSTITUENT I DRINKING NUMBER Of SAMPLES 

............... . ... . ...... . .. .... .. .... .... . .... .. .... . I WATER STANDARDS . . . . . ...... .. .. . . .. . ...... . . ..... . 

Name 

Endosul fan II 
Endrin 
Ethyl carbamate 
Ethyl cyanide 
Ethyl methacrylate 
Ethyl methanesulfonate 
Ethylene glycol 
Ethylene oxide 
Ethyleneimine 
Ethylenethiourea 
fluoranthene 
Fluoride 
Fluoroacetic acid 
Formalin 
G8n1118·BHC 

Glycidylaldehyde 
Gross alpha 
Gross beta 
Heptachlor 
Heptchlor epoxide 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Hexachlorophene 
Hexachloropropene 
Hexone 
Hydrazine 
Hydrazine, low DL 
Hydrogen sulfide 
lndeno(1,2,3·cd)pyrene 
lodine·129 
lodomethane 
Iron 
Iron, f ii tered 
lsobutyl alcohol 
lsosafrole 
Kerosene 
Lead 
Lead (graphite furnace) 
Lead, filtered 
Magnesium 
Magnesium, filtered 
Maleic hydrizide 
Malononitrile 
Manganese 
Manganese, filtered 

Un i ts 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PCI/L 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

1.0 
1.0 

5000.0 
3000.0 
3000.0 

10.0 
10000.0 
3000.0 

10.0 
200.0 
10.0 

500.0 
3000.0 
500.0 

1.0 
3000.0 

4.0 
8.0 
1.0 

1.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

3000.0 
30.0 
10.0 
10.0 
15.0 
10.0 
50 .0 
50.0 

3000.0 
10.0 

10000.0 
30.0 
5.0 
5.0 

50.0 
50.0 

500.0 
10.0 
5.0 
5.0 

APP 585-14 

Limit Total 

.2 

4000.0 

4.0 

15.0 
50.0 

50.0 
50.0 

4 

16 
4 

4 

5 

4 

3 

5 

4 

4 

4 

22 

9 

16 
1 

21 
21 
4 

4 

10 
4 

4 

4 

10 
7 

4 

4 

5 
4 

2 
5 

23 
15 
4 

4 
10 
3 

19 
13 
18 

15 
6 

4 

23 
15 

Below 
Detection 

4 

16 
4 

4 

5 

4 

3 

5 
4 

4 

4 

17 

1 
9 

16 
1 

21 
16 
4 

4 
10 
4 

4 

4 

10 
7 
4 
4 
1 

5 
4 

2 
5 

0 

13 
4 

4 
10 
3 

16 
13 
0 

0 

6 

4 
6 

14 

Above 
Limit 

0 

7 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 
0 
0 

0 
0 
0 

0 

0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

• 

• 
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Table 585-2. Summary of Analysis Results for Groundwater Samples Collected 
From Detection Monitoring Wells 299-E25-29A, 299-E25-32A, and 299-E25-33 

Through August 1988. (sheet 6 of 8) 
CONSTITUENT I DRINKING NUMBER OF SAMPLES 

······················································· I WATER STANDARDS ................................. . 

Name 

Melphalan 
Mercury 
Mercury, filtered 
Methacrylonitrile 
Methanethiol 
Methapyrilene 
Metholonyl 
Methoxychlor 
Methyl bromide 
Methyl chloride 
Methyl ethyl ketone 
Methyl hydrazine 
Methyl methacrylate 
Methyl methanesulfonate 
Methyl parathion 
Methylene chloride 
Methyl thiouracil 
N,N·diethylhydrazine 
N·nitroso·N·methylurethane 
N·nitrosodi·n·butylamine 
N·nitrosodiethanolamine 
N·nitrosodiethylamine 
N·nitrosodimethylamine 
N·nitrosomethylethylamine 
N·nitrosomethylvinylamine 
N·nitrosomorpholine 
N·nitrosonornicotine 
N·nitrosopiperidine 
N·phenylthiourea 
N· propylamine 
Naphthalene 
Nickel 
Nickel, filtered 
Nicotinic acid 
Nitrate 
Nitrite 
Nitrobenzine 

Units 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Nitrosopyrrol idine PPB 
0,0,0·triethyl phosphorothioat PPB 
O·toluidine hydrochloride PPB 
Osmium 
Osmium, filtered 
P benzoquinone 
P·chloro·m·cresol 
P·chloroaniline 
P·dimethylaminoazobenzene 
P·nitroanil ine 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

10.0 
• 1 

• 1 

10.0 
10.0 
10.0 
10.0 
3.0 

10.0 
10.0 
10.0 

3000.0 
10.0 
10.0 
2.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

500.0 
10000.0 

10.0 
10.0 
10.0 

100.0 
500.0 

1000.0 
10.0 
10.0 
10.0 
10.0 

300.0 
300.0 

10.0 
10.0 
10.0 
10.0 
50.0 

APP 5B5-15 

Limit 

2.0 
2.0 

100.0 

45000.0 

Total 

4 

19 

10 
5 

5 

4 

4 
16 

5 
5 

13 
1 
5 
4 

4 
9 

4 

5 
4 

4 

4 

4 

4 
4 
4 

4 

4 

4 

4 

4 

10 
23 
15 
6 

22 
14 
4 

4 

4 

4 

10 

4 

4 

4 

4 

4 

Below 
Detection 

4 

0 

0 

5 

5 

4 
4 

16 

5 
5 

13 
1 

5 

4 

4 

9 

4 
5 

4 

4 

4 

4 

4 

4 

4 
4 

4 

4 

4 

4 

10 
14 
14 
6 

0 

14 
4 
4 
4 
4 

10 
1 
4 

4 

4 

4 
4 

Above 
Limit 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table 585-2. Summary of Analysis Results for Groundwater Samples Collected 
From Detection Monitoring Wells 299-E25-29A, 299-E25-32A, and 299 -E25 -33 

Through August 1988. (sheet 7 of 8) 
CONSTITUENT I DRINKING NUMBER OF SAMPLES 

...... .............. . .... ..... . ... ... .. .. .. ........ ... · I WATER STANDARDS . . .. .. ..... . . . .. . ... .... .. .. ..... . 

Name 

Paraldegyde 
Parathion 
Pentachlorobenzene 
Pentachloroethane 
Pentachloronitrobenzene 
Pentachlorophenol 
Perchloroethylene 
Phenacetin 
Phenol 
Phenol, low DL 
Phenylenediamine 
Phosphate 
Phthalic acid esters 
Plutoniun-238 
Plutoniun-239,240 
Potassiun 
Potassiun, filtered 
Pronamide 
Pyridine 
Radiun 
Reserpine 
Resorcinol 
Rutheniun· 106 
Safrol 
Seleniun 
Seleniun, filtered 
Silver 
Silver, filtered 
Sodiun 
Sodiun, filtered 
Specific conductance 
Strontiun 
Strontiun, filtered 
Strontiun-90 
Strychnine 
Sulfate 
Sul fide 
Suspended sol ids 
Sym·trinitrobenzene 
Technetiun-99 
Tetrachloromethane 
Tetraethylpyrophosphate 
Thall iun 
Thalliun, filtered 
Thiofanox 
Thiourea 
Thiuram 

Units 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PCI/L 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PCI/L 
PPB 
PPB 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
UMHO 

PPB 
PPB 
PCI/L 
PPB 
PPB 
PPB 
MG/L 
PPB 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

3000.0 
2.0 

10.0 
10.0 
10.0 
50.0 
10.0 
10.0 
10.0 
10 .• 0 
10.0 

1000.0 
10.0 
17.0 
17.0 

100.0 
100.0 
10.0 

500.0 
1.0 

10.0 
10.0 

172.5 
10.0 
5.0 
5.0 

10.0 
10.0 

100.0 
100.0 

1.0 

300.0 
300.0 

5.0 
50.0 

500.0 
1000.0 

5.0 
10.0 
15.0 
10.0 

100.0 
10.0 
10.0 
10.0 

200.0 
10.0 

APP 5B5-16 

Limit 

5.0 

30.0 

10.0 
10.0 
50.0 
50.0 

8.0 

900.0 
5.0 

Total 

4 

4 

10 
5 

4 

4 
13 
4 

10 
7 
4 

22 
4 

23 
15 
4 

9 

19 
4 

4 

19 
4 

23 
15 
23 
15 
23 
15 
75 

23 
15 

1 
6 

22 
4 

3 

4 
12 
13 
4 

4 

5 
4 

4 

4 

Below 
Detection 

4 

4 

10 
5 

4 

4 

13 
4 

10 
7 

4 

22 
4 

1 
0 

0 

4 

9 

19 
4 

4 

19 
4 

21 
15 
23 
15 
0 

0 

0 

23 
15 

1 
6 

0 

4 

0 

4 
12 
13 
4 

4 
5 

4 
4 

4 

Above 
Limit 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 

0 
0 

0 

0 
0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

9 

0 
0 
0 

0 

0 

0 

• 
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Table 585-2. Summary of Analysis Results for Groundwater Samples Collected 
From Detection Monitoring Wells 299-E25-29A, 299-E25-32A, and 299-E25-33 

Through August 1988. (sheet 8 of 8) 
CONSTITUENT I DRINKING NUMBER OF SAMPLES 

........... . .............................. ............. I WATER STANDARDS I · ....... ............. .... ........ . 

Name 

Toluene 
Toluenediamine 
Total carbon 
Total dissolved solids 
Total organic carbon 
Total organic halogen 
Total organic halogen, low DL 
Toxaphene 
Trans·1,2·dichloroethene 
Tributylphosphoric Acid 
Trichloroethylene 
Trichloromethanethiol 

--D Trichloromonofluoromethane 
LI) Tri ch l oropropane 

Tris(2,3·dibromopropyl) phosph 
Tritiun 
Uraniun-234 
Uraniun-235 
Uraniun-238 

~ Vanadiun 
Vanadiun, filtered 
Vinyl chloride 
Warfarin 
Xylene·m 
Xylene·o,p 
Zinc 
Zinc, filtered 
pH, field 
pH, laboratory 

Units 

PPB 
PPB 
PPB 
MG/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

Detection 
Limit 

10.0 
10.0 

1000.0 
5.0 

1000.0 
100.0 
20.0 

1.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

500.0 
• 1 

.1 

• 1 

5.0 
5.0 

10.0 
10.0 
10.0 
10.0 
5.0 
5.0 

. 1 

.0 

APP 5B5-17 

Limit Total 

5.0 

5.0 

20000.0 • 

2.0 

9 

4 
15 
5 

81 
33 
48 
16 
5 
3 

13 
5 
5 
5 
4 

19 

23 
15 
5 

4 

13 
13 
23 
15 
75 

3 

Below 
Detection 

9 

4 

0 

0 

43 
33 
31 
16 
5 

3 

13 
5 
5 
5 
4 

5 
0 

0 

0 

4 

5 
4 

13 
13 
2 

9 

4 

0 

Above 
Limit 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

0 
0 

6 
0 

0 

0 

0 

0 

5 
0 

0 

0 

0 

0 
0 

0 
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Table 585-3. Constituents that Exceeded the EPA Drinking Water 
Standard Concentrations. (sheet 1 of 9). 

• Monitoring San.,le Analysis Drinking I.later Detection 
Constituent Units Well Date Result Standard Limit 

------------------------------ ·-----·----- -------- -------- -------------- ------·--
1,1-dichloroethylene PPB 2-E25-25 7/01/87 10.0 7.0 10.0 

3/29/88 10.0 

2-E25-27 6/30/87 10.0 

2-E25-28 6/30/87 10.0 

2-E25-30 4/12/88 10.0 

2-E25-31 4/13/88 10.0 

2-E25-33 4/12/88 10.0 

1,2-dichloroethane PPB 2-E25-25 7/01/87 10.0 5.0 10.0 
3/29/88 10.0 

2-E25-27 6/30/87 10.0 
J 

2-E25-28 6/30/87 10.0 

2-E25-30 4/12/88 10.0 

2-E25-31 4/13/88 10.0 

2-E25-33 4/12/88 10.0 

- Benzene PPB 2-E25-25 9/18/85 10.0 5.0 10.0 
12/19/85 10.0 
3/10/86 10.0 
6/04/86 10.0 
7/01/87 10.0 
3/29/88 5.0 

2-E25-26 9/20/85 10.0 
2/07/86 10.0 
3/10/86 10.0 
6/04/86 10.0 

2-E25-27 9/18/85 10.0 
12/19/85 10.0 
3/10/86 10.0 
6/04/86 10.0 
6/30/87 10.0 

2-E25-28 6/04/86 10.0 
6/30/87 10.0 

APP 585-18 
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• Table 585-3. Constituents that Exceeded the EPA Drinking Water 
Standard Concentrations. (sheet 2 of 9). 

Monitoring Saq,le Analysis Drinking Water Detection 

Constituent Units Well Date Result Standard Limit 

------------------------- ----- ------------ -------- -------- -·------·----- ---------
Benzene PPB 2-E25-30 4/12/88 5.0 5.0 10.0 

2-E25-31 4/13/88 5.0 

2-E25-33 4/12/88 5.0 

Chromiun PPB 2-E25-25 8/20/85 11.0 50.0 10.0 
9/18/85 10.0 

12/19/85 10.0 
3/10/86 10.0 
6/04/86 10.0 
9/03/86 10.0 

12/12/86 10.0 
3/12/87 10.0 
7/01/87 10.0 
9/30/87 10.0 
1/19/88 10.0 

LO 3/29/88 26.0 
8/05/88 10.0 

2-E25-26 9/20/85 10.0 
2/07/86 10.0 
3/10/86 10.0 
6/04/86 10.0 
9/03/86 10.0 

12/15/86 10.0 
3/12/87 10.0 
7/01/87 10.0 

10/01/87 10.0 - 3/28/88 lO.O 

(j 
2-E25-27 9/18/85 30.0 

12/19/85 10.0 
3/10/86 10.0 
6/04/86 10.0 
9/03/86 10.0 

12/05/86 10.0 
3/12/87 10.0 
6/30/87 10.0 
9/29/87 10.0 
3/30/88 10.0 

2-E25-28 6/04/86 10.0 
9/03/86 10.0 

12/15/86 10.0 
3/12/87 10.0 
6/30/87 10.0 

10/01/87 10.0 
3/31/88 10.0 

• 
APP 5B5-19 
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Table 585-3. Constituents that Exceeded the EPA Drinking Water 
Standard Concentrations. (sheet 3 of 9). • Monitoring Saq,le Analysis Drinking \later Detection 

Constituent Units Well Date Result Standard Limit 
-------------------------- ---- -----··----- -------- -------- ·------------- ---------

Chromium PPB 2-E25-29 7/08/88 169.D 50.0 10.0 

2-E25-30 4/12/88 260.0 
4/12/88 429.0 

2-E25-31 1/20/88 51.0 
4/13/88 52.0 
7/11/88 51.0 

2-E25-32 8/11/88 18.0 
8/11/88 26.0 

2-E25-33 4/12/88 41.0 
7/08/88 19.0 

Coliform bacteria MPN 2-E25-25 8/22/85 3.0 1.0 2.2 
9/18/85 3.0 

12/19/85 3.0 
3/10/86 3.0 
6/04/86 4.0 
9/03/86 2.2 

12/12/86 2.2 
3/12/87 2.2 
7/01/87 2.2 
9/30/87 2.2 
3/29/88 2.2 
8/05/88 2.2 

2-E25-26 9/20/85 3.0 
2/07/86 3.0 
3/10/86 3.0 
6/04/86 3.0 
9/03/86 2.2 

12/15/86 2.2 
3/12/87 2.2 
7/01/87 2.2 

10/01/87 2.2 

2-E25-27 9/18/85 3.0 
12/19/85 460.0 
3/10/86 93.0 
6/04/86 9.0 
9/03/86 16.0 

12/05/86 9.2 
3/12/87 2.2 
6/30/87 2.2 
9/29/87 2.2 

• 
APP 585-20 
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Table 5B5-3. Constituents that Exceeded the EPA Drinking Water 

• Standard Concentrations. (sheet 4 of -9). 
Monitoring Saq>le Analysis Drinking Water Detection 

Constituent Units Well Date Result Standard Limit 
---------- --------- --------- -- ----- -- ----- -------- -------- ----- ---· --·-- --- -·-· --
Coliform bacteria MPN 2-E25-28 6/04/86 28.0 1.0 2.2 

9/03/86 5.1 
12/15/86 2.2 
3/12/87 2.2 
6/30/87 2.2 

10/01/87 2.2 

2-E25-29 7/08/88 2.2 

2-E25-31 1/20/88 2.2 
4/13/88 2.2 
7/11/88 2.2 

2-E25-32 8/11/88 2.2 

H 2·E25-33 4/12/88 2.2 
7/08/88 2.2 

..0 

ti) Endrin PPB 2-E25-25 8/20/85 1.0 .2 1.0 
9/18/85 1.0 

12/19/85 1.0 

n 3/10/86 1.0 
6/04/86 1.0 
9/03/86 1.0 
7/01/87 1.0 
3/29/88 • 1 
8/05/88 . 1 

2-E25-26 9/20/85 1.0 
2/07/86 1.0 
3/10/86 1.0 

0 6/04/86 1.0 
9/03/86 1.0 

't-. 

2-E25-27 9/18/85 1.0 
12/19/85 1.0 
3/10/86 1.0 
6/04/86 1.0 
9/03/86 1.0 
6/30/87 1.0 

2-E25-28 6/04/86 1.0 
9/03/86 1.0 
6/30/87 1.0 

2-E25·29 7/08/88 • 1 

2-E25-30 4/12/88 .1 

APP 585-21 
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Table 5B5-3. Constituents that Exceeded the EPA Drinking Water 
Standard Concentrations. (sheet 5 of 9). 

Monitoring S~le Analysis Drinking Water Detection • Constituent Units Well Date Result Standard Limit 

----------------- ------------- -·---------· -------- -------- --------------- ---·--·--
Endrin PPB 2·E25·31 1/20/88 .1 .2 1.0 

4/13/88 .1 
7/11/88 .1 

2·E25·32 8/11/88 • 1 

2·E25-33 4/12/88 .1 
7/08/88 .1 

Rutheniun-106 PCI/L 2·E25-25 9/18/85 20.0 30.0 172.5 
12/19/85 -63.9 
3/10/86 5.8 
6/04/86 -17. 1 
9/03/86 17.1 

12/12/86 -32.0 
3/12/87 -40.7 
7/01/87 -44.3 
9/30/87 53.5 
1/19/88 5.4 

LO 3/29/88 0.0 
8/05/88 43.1 

2·E25-26 9/20/85 -9.3 
2/07/86 69.4 
3/10/86 14.9 
6/04/86 -88.9 
9/03/86 -20.4 

12/15/86 -11.0 
3/12/87 8.6 
7/01/87 -47.0 

10/01/87 -63.7 
3/28/88 14.5 

2·E25-27 9/18/85 3.2 
12/19/85 -47.7 
3/10/86 21.3 
6/04/86 41.5 
9/03/86 41.2 

12/05/86 4.4 
3/12/87 -30.5 
6/30/87 -10.6 
9/29/87 23.2 
3/30/88 -21.9 

2·E25 · 28 6/04/86 -3.4 
9/03/86 -10.5 

12/15/86 25.7 
3/12/87 37.0 
6/30/87 -20.2 

APP 585-22 
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Table 585-3. Constituents that Exceeded the EPA Drinking Water 

• Standard Concentrations. (sheet 6 of 9). 
Monitoring S8111)le Analysis Drinking Water Detection 

Constituent Units Well Date Result Standard Limit 
------------------------------ ------------ -------- -------- ----·---·--·-- ................... 
Ruthenium-106 PCI/L 2-E25-28 10/01/87 13.9 30.0 172.5 

3/31/88 -23.7 

2-E25-29 7/08/88 30.4 

2· E25·30 4/12/88 47.3 

2·E25·31 1/20/88 13.2 
4/13/88 ·2.8 
7/11/88 -25.5 

2-E25·32 8/11/88 ·9.4 

2·E25-33 4/12/88 0.0 
7/08/88 16.0 

Tetrachloromethane PPB 2-E25·25 9/18/85 10.0 5.0 10.0 
12/19/85 10.0 

LO 3/10/86 10.0 
6/04/86 10.0 
9/03/86 10.0 

12/12/86 10.0 
3/12/87 10.0 
7/01/87 10.0 
9/30/87 10.0 
3/29/88 5.0 

2·E25-26 9/20/85 10.0 
2/07/86 10.0 
3/10/86 10.0 
6/04/86 10.0 

C') 9/03/86 10.0 
12/15/86 10.0 

C"'• 3/12/87 10.0 
7/01/87 10.0 

10/01/87 10.0 

2·E25·27 9/18/85 10.0 
12/19/85 10.0 
3/10/86 10.0 
6/04/86 10.0 
9/03/86 10.0 

12/05/86 10.0 
3/12/87 10.0 
6/30/87 10.0 
9/29/87 10.0 

2·E25·28 6/04/86 10.0 
9/03/86 10.0 
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Table 5B5-3. Constituents that Exceeded the EPA Drinking Water 
Standard Concentrations. (sheet 7 of 9). 

Monitoring S1111\lle Analysis Drinking \later Detection • Constituent Units \Jell Date Result Standard Limit 

------------------------------ ·----------- -------- ---- --- - ---·----------- ·---·----
Tetrachloromethane PPB 2·E25· 28 12/15/86 10.0 5.0 10.0 

3/12/87 10.0 
6/30/87 10.0 

10/01/87 10.0 

2·E25·30 4/12/88 5.0 

2·E25-31 4/13/88 5.0 

2·E25-33 4/12/88 5.0 

Trichloroethylene PPB 2·E25·25 9/18/85 10.0 5.0 10.0 
12/19/85 10.0 
3/10/86 10.0 
6/04/86 10.0 
9/03/86 10.0 

12/12/86 10.0 
3/12/87 10.0 
7/01/87 10.0 

U') 9/30/87 10.0 
3/29/88 5.0 

2-E25·26 9/20/85 10.0 ... 2/07/86 10.0 

~ 
3/10/86 10.0 
6/04/86 10.0 
9/03/86 10.0 

12/15/86 10.0 
3/12/87 10.0 
7/01/87 10.0 

10/01/87 10.0 

2·E25-27 9/18/85 10.0 
12/19/85 10.0 
3/10/86 10.0 
6/04/86 10.0 
9/03/86 10.0 

12/05/86 10.0 
3/12/87 10.0 
6/30/87 10.0 
9/29/87 10.0 

2·E25·28 6/04/86 10.0 
9/03/86 10.0 

12/15/86 10.0 
3/12/87 10.0 

. 6/30/87 10.0 
10/01/87 10.0 
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Table 5B5-3. Constituents that Exceeded the EPA Drinking Water 
Standard Concentrations. (sheet 8 of 9). 

Constituent 

----- ----- ------ ----- ----- ----
Trichloroethylene 

Tritiun 

Units 

PPB 

Monitoring 
IJel l 

-·----------
2-E25-30 

2-E25 -31 

2-E25 -33 

PCI/L 2-E25-25 

2-E25-26 

2-E25-27 

2-E25-28 

APP 5B5-25 

Saq>le 
Date 

--------
4/12/88 

4/13/88 

4/12/88 

9/18/85 
12/19/85 
3/10/86 
6/04/86 
9/03/86 

12/12/86 
3/12/87 
7/01/87 
9/30/87 
1/19/88 
3/29/88 
8/05/88 

9/20/85 
2/07/86 
3/10/86 
6/04/86 
9/03/86 

12/15/86 
3/12/87 
7/01/87 

10/01/87 
3/28/88 

9/18/85 
12/19/85 
3/10/86 
6/04/86 
9/03/86 

12/05/86 
3/12/87 
6/30/87 
9/29/87 
3/30/88 

6/04/86 
9/03/86 

12/15/86 
3/12/87 
6/30/87 

10/01/87 
3/31/88 

Analysi s Dr i nking IJater Detection 
Result Standard Limit 

------- - .... .. ... .. .. .... .. .. .. .. .... .. .. .. -.. .. ---
5.0 5.0 10.0 

5.0 

5. 0 

689.0 20000.0 500.0 
1540.0 
721.0 
582.0 
807.0 
534.0 
433.0 
413.0 
408.0 
558.0 
486.0 
270.0 

4200.0 
2750.0 
2290.0 
2780.0 
2650.0 
2390.0 
1640.0 
1820.0 
1940.0 
3120.0 

1350.0 
1370.0 
1200.0 
1no.o 
7300.0 
4020.0 
3350.0 
9520.0 
9670.0 
3120.0 

3100.0 
3130.0 
2490.0 
2610.0 
2350.0 
1no.o 
1690.0 
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Table 585-3. Constituents that Exceeded the EPA Drinking Water 
Standard Concentrations. (sheet 9 of 9). 

Constituent 

Tritilrn 

Vinyl chloride 

Units 
Monitoring 

Well 
S~le 
Date 

Analysis 
Result 

Drinking Water 
Standard 

Detecti . 
Limit 

------------ -------- -------- -------------- ---------
PCI/L 2·E25·29 

PPB 

2·E25·30 

2·E25·31 

2·E25·32 

2·E25·33 

2·E25·25 

2·E25-27 

2·E25-28 

2·E25·30 

2·E25·31 

2·E25·33 

APP 585-26 

7/08/88 104000.0 

4/12/88 2160.0 

1/20/88 21400.0 
4/13/88 20700.0 
7/11/88 22700.0 

8/11/88 865.0 

4/12/88 23900.0 
7/08/88 47300.0 

7/01/87 
3/29/88 

6/30/87 

6/30/87 

4/12/88 

4/13/88 

4/12/88 

10.0 
10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

20000.0 500.0 

2.0 10.0 
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• Table 585-4 . Sampling Dates for Baseline and Detection Monitoring 
Wells Through August 1988. 

Monitoring Sample Monitoring Sample 
well date well date 

299-E25-25 08/20/85 299-E25-28 06/04/86 
08/22/85 09/03/86 
09/18/85 12/05/86 
12/19/85 12/15/86 
03/10/86 03/12/87 
06/04/86 06/30/87 
09/03/86 10/01/87 
12/05/86 03/31/88 
12/12/86 
03/12/87 299-E25-29 07/08/88 
07/01/87 
09/30/87 299-E25-30 04/12/88 

....... 01/19/88 04/14/88 
U) 

03/29/88 
08/05/88 299-E25-31 01/20/88 

02/29/88 
299-E25-26 09/20/85 04/13/88 

02/07/86 04/14/88 
03/10/86 07/11/88 
06/04/86 

1' 09/03/86 299-E25-32 08/11/88 
12/15/86 
03/12/87 299-E25-33 04/12/88 
07/01/87 04/14/88 
10/01/87 07/08/88 

0 
03/28/88 

:-;... 299-E25-27 09/18/85 
12/19/85 
03/10/86 
06/04/86 
09/03/86 
12/05/86 
03/12/87 
06/30/87 
09/29/87 
03/30/88 
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GROUNDWATER MONITORING PROGRAM INFORMATION 

SC-I Well Completion Information 
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SC-2 Analyses Performed To Justify Well Spacing, Detectability of Chromium, 
and Detectability of Technetium-99 
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WELL COMPLETION INFORMATION 

APP 5Cl-i 

DOE/RL 88-27 
Rev. 1, 01/17/90 



l 

.. 

------

This page intentionally left blank. 

APP 5Cl-ii 

OOE/Rl 88-27 
Rev. 1, 01/17/90 

• 



------~----------

• 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
8 

~6 
l ~l 

22 
--23 

24 
~25 

26 
.. 27 
I 28 

29 
- 30 

31 
-"-3 2 

3 
34 

' 5 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

APPENDIX SC-1 

WELL COMPLETION INFORMATION 
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Included in this appendix is information on the construction of wells 
used to collect the existing water chemistry data and on wells proposed for 
the groundwater monitoring system. The general well construction is 
discussed with well-specific details and as-built diagrams provided. 

The monitoring wells have been constructed according to Minimum 
Standards for Construction and Maintenance of Wells, WAC 173-160 (Ecology 
1987). These wells are considered to be of high integrity, preventing 
intercommunication and contamination of aquifers, because of the construction 
methods/practices used and will allow representative samples to be collected 
from the screened interval. The procedures in the Sampling and Analysis Plan, 
Appendix 50-1, provide further representative sampling. All of the wells 
used for detection monitoring at the Grout Treatment Facility share common 
characteristics. Every well has a factory-cleaned type-304 schedule 5S 
stainless steel continuous wire wrap screen with stainless steel plug and 
has been sealed to the ground surface. All wells were drilled by the cable
tool method except 299-E25-31, which was drilled by the ODEX* method described 
later. New schedule-40 carbon steel casings with carbon steel drive shoes 
were butt welded and used to prevent caving of the borehole. All carbon 
steel casings and drill equipment were cleaned prior to drilling. All 
temporary casings, except for 299-E25-25 through 299-E25-28 discussed later, 
were removed from the wells. Each well has been developed by bailing or by 
submersible pump. Wells are surveyed for vertical and horizontal coordinates 
by Kaiser Engineers Hanford after completion. An 'x' is stamped on the top 
of the casing as a reference point. 

The general construction method for wells 299-E25-25, 299-E25-26, 
299-E25-27, and 299-E25-28 are similar. The wells were drilled by Rockwell 
Hanford Operations personnel before May 1986. Drilling equipment was pre
cleaned (steam cleaned) prior to drilling. A 12-in. carbon steel starter 
casing was set to 20 ft. The hole was drilled to various depths (given for 
each well specifically) and 8-in. carbon steel casing was driven during 
drilling to prevent caving of the borehole. Perforations were made in the 
8-in. casing at various locations before installation of the·6-in. casing. 
A 6-in. hole and carbon steel casing were advanced to the total borehole depth. 

A stainless steel screen with stainless steel casing was telescoped into 
the 6-in. casing. The 6-in. casing was back pulled to above the water table 
so that only stainless steel materials were left beneath the water table. 
Cement grout slurry was pumped between the 6- and 8-in. casings anticipating 
that the grout would move through the perforations and into any annular space 
outside the 8-in. casing. The 12-in. starter casing was removed while the 
upper 20 ft were being grouted. The well was capped with a stainless steel 

*ODEX is a trademark of Atlas Copco and Sandvik Rock Tools . 
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cap for the single piezometers or with a painted steel cap in the. case of • 
dual piezometers. 

Well 299-E25-25--An as-built diagram of this well is shown on 
Figure 5Cl-1. The construction duration was from March 11 through April 10, 
1985. A drive barrel was used to a depth of 152 ft; a hard tool with water 
was used beyond .that depth. The 8-in. casing was set to 150 ft; perforations 
were made at two cuts per round, one round per foot from 9 to 150 ft. The 
6-in. casing was set to 288 ft, then pulled to 253 ft after the screen was 
set. The 4-in.-dia, 0.010-in. slot-size screen was set from 269 to 289 ft 
with 20 ft of stainless steel blank above that. The well was bailed for 5 h 
to develop it, and 486 gal of grout was used. The grout is a mixture of 
cement with 5 percent bentonite added. 

Well 299-E25-26--An as-built diagram of this well is shown on 
Figure 5Cl-2. The construction duration was from March 1 through 
April 4, 1985. A drive barrel was used to a depth of 155 ft; a hard tool 
with water was used beyond that depth. The 8-in. casing was set to 150 ft; 
perforations were made at four cuts per round, one round per foot from Oto 
150 ft. The 6-in. casing was advanced with drilling to 290 ft, then pulled 
to 254 ft after the screen was set. The 4-in. dia, 0.010-in. slot-size 
screen was set from 270 to 290 ft with 20 ft of stainless steel blank above 
that. The well was bailed for 8 h to develop it and 606 gal of grout were 
used. The grout is a mixture of cement with 5 percent bentonite added. 

Well 299-E25-27--An as-built diagram of this well is shown on 
Figure 5Cl-3. The construction duration was from April 10 through May 30 , 
1985. The 12-in. starter casing was set to 90 ft because of drilling 
conditions, and 80 ft were left-in the hole. A drive barrel was used to a 
depth of 155 ft; a hard tool with water was used beyond that depth. The 8-in . 
casing was set to 160 ft; perforations were made at two cuts per round, one 
round per foot from Oto 160 ft. The 6-in. casing was advanced with drilling 
to 294 ft, then pulled to 257 ft after the screen was set. The 4-in.-dia, 
0.010-in. slot-size screen was set from 274 to 294 ft with 21 ft of stainless 
steel blank abov~ that. The well was bailed for 5 h to develop it and 522 
gal of grout were used. The grout is a mixture of cement with 5 percent 
bentonite added. 

Well 299-E25-28--An as-built diagram of this well is shown on 
Figure 5Cl-4. The construction duration was from February 24 through 
April 17, 1986. A temporary 10-in. casing was used in addition to the 12-in. 
casing and was set tc 96 ft. All but 10 ft of this casing was removed. 
A drive barrel was used to a depth of 202 ft; a hard tool with water was used 
beyond that depth. The 8-in. casing was set to 220 ft; perforations were 
made at two cuts per round, one round per half-foot from 198 to 218 ft, and 
one round per foot from 148 to 198 ft. The 6-in . casing was advanced with 
drilling to 341 ft, (drilling proceeded to 348 ft) then pulled to 244 ft 
after the screen was set. The 5-in.-dia, 0.010-in. slot-size screen was set 
from 320 to 340 ft with 80 ft of stainless steel blank above that. The 
well was bailed for 3 h to develop it and 1,050 gal of grout were used. The 
grout is a mixture of cement with 5 percent bentonite added. 

We11 299-E25-31--An as-built diagram of this well as constructed is 
shown on Figure 5Cl-5. The drilling and construction duration was from 
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299-E25-25 

N41001.60, W43648.40 WELL CONSTRUCTION SUMMARY 

4/10/85 

I 
I 

-----f-
l 
I 

!+------ TOP OF CASING ELEV. 
669.42 FEET ......... ~'"""1'--- GROUND SURFACE ELEVATION 666.84 FT 

- ---TWELVE INCH SURFACE 
CASING, REMOVED 

EIGHT INCH CARBON STEEL 
~ 1------CASING, 0 TO 150 FEET, 

PERFORATED 

GROUT PLACED BETVEEN SIX AND 
.'14-----EIGHT INCH CASINGS, EXPECTED 

TO GO THROUGH PERFORATIONS 

SIX INCH CARBON STEEL CASING 
DRIVEN TO 288 FEET, VITHDRAWN 
TD 253 FEET AFTER SCREEN INSTALLED 
AND PRIOR TO GROUTING 

PACKER BETWEEN 4 & 6 
INCH CASINGS 

FOUR INCH STAINLESS STEEL 
- -----CASING, 249 TO 269 FEET 

-:---'Q'.,- WATER TABLE 
I 
I 

• 

: t==:i+----- FOUR INCH STAINLESS STEEL 
1 10-SLDT SCREEN, 
L 269 TO 289 FEET 

NOT TO SCALE 

Figure 5Cl-1. As-Built Diagram for Well 299-E25-25. 
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N40772.80, W45884.50 WELL CONSTRUCTION SUMMARY 

4/4/85 

I 
I 

-----t-
i 
I 

TOP OF CASING ELEV. 
668.55 FEET 

GROUND SURFACE ELEVATION 668.00 FT 

Tw'ELVE INCH SURFACE 
CASING, REMOVED 

EIGHT INCH CARBON STEEL 
CASING, 0 TD 150 FEET, 
PERFORATED 

GROUT PLACED BETVEEN SIX AND 
EIGHT INCH CASINGS, EXPECTED 
TO GO THROUGH PERFORATIONS 

14-----srx INCH CARBON STEEL CASING 
DRIVEN TD 290 FEET, \JITHDRA\JN 
TD 254 FEET AFTER SCREEN INST AL LED 
AND PRIOR TO GROUTING 

~--PACKER BET\JEEN 4 & 6 
INCH CASING 

FOUR INCH STAINLESS STEEL 
14------CASING, 250 TD 270 FEET 

+--'\Z- w'ATER TABLE 
I 
I 

: ~=~ -----FOUR INCH STAINLESS ST EEL 
1 10-SL• T SCREEN, 
L 270 TD 290 FEET 

NOT TO SCALE 

Figure 5Cl-2. As-Built Diagram for Well 299-E25- 26. 
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HANFORD WELL NUMBER 

HANFORD COOR DINA TES 

DA TE COMPLETED 
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SURFACE <FEET) 
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299-E25-27 

N39855.00, W45136.00 yVELL CONSTRUCTION SUMMARY 

5/30/85 

I 
I 
I 
I 
I _____ L 
I 
I 

------- TOP OF CASING ELEV. 
676.13 FEET 

------ GROUND SURFACE ELEVATI ON 67~53 FT 

, ~ ---TVELVE INCH CASING 
INSTALLED TO 90 FEE~ 
\./ITHDRA\./N TO 80 FEET 

EIGHT INCH CARBON STEEL 
l'l-i!P.t-----CASING, 0 TO l60 FEET, 

PERFORATED 

GROUT PLACED BET\./EEN SIX AND 
N'-.i-.-----EIGHT INCH CASINGS, EXPECTED 

TO GO THROUGH PERFORATIONS 

SIX INCH CARBON STEEL CASING 
DRIVEN TO 294 FEET, \./ITHDRA\./N 
TO 257 FEET AFTER SCREEN INSTALLED 
AND PRIOR TO GROUTING 

PACKER BET\./EEN 4 & 6 
INCH CASING 

FOUR INCH STAINLESS STEEL 
14------CASING, 253 TO 274 FEET 

: ~=~-----FOUR INCH STAINLESS STEEL 
1 10-SLOT SCREEN, 
c 274 TO 294 FEET 

NOT TO SCALE 

Figure 5Cl-3. As-Built Diagram for Well 299-E25-27. 
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299-E25-28 

N41424.32, W45540.56 WELL CONSTRUCTION SUMMARY 

4/17 /86 

------- TOP OF CASING ELEV. 
662.44 FEET 

._.,......,,........,.- -- GROUND SURFACE ELEVATIDN 660.00 FT 

- ---Tl.'ELVE INCH SURFACE 
CASING, REMOVED 

N's..-----TEN INCH CASING DRIVEN 
TD 96 FEET, 'w!THDRAl.'N 
TD 10 FEET 

EIGHT INCH CARBON STEEL 
" "" _ ____ CASING, 0 TD 220 FEET, 

PERFORATED FROM 148 TD 
218 FEET 

GROUT PLACED BET\IEEN SIX AND 
------EIGHT INCH CASINGS, EXPECTED 

TD GD THROUGH PERFORATIONS 

~ f------srx INCH CARBON STEEL CASING 
DRIVEN TD 341 FEET, \IITHDRA\JN 
TD 244 FEET AFTER SCREEN INSTALLED 
AND PRIDR TD GROUTING 

1 
PACKER BETl.'EEN 5 & 6 

1 INCH CASING 

1 ___ \Z_ \JATER TABLE 
I 
I 
I 
I 

1•----- FIVE INCH STAINLESS STEEL 
CASING, 240 TD 320 FEET 

FIVE INCH STAINLESS STEEL 
10-SLDT SCREEN, 320 TD 
340 FEET 

NOT TO SCALE 

figure 5Cl-4. As - Built Di agram for Well 299-E25- 28. 
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W£U DESIGNATION: 299·E26·31 
HANFORD WEU NUMBER: 299-EZ&-31 
HANFORD COORDINATES: N40311 .2, W46762.9 (i CASING ) 
i..t.MBERT COORDINATES: •• 
DATE COMPLETED: 7 / 11/17 

UNCONFINED WATER 
WEU CONSTRUCTION SUMMARY 

GROUND 
SURFACE 

,-----ELEVATION OF SUIIFACE CASING .. ..... . .. ..... . .. ... .. . . ........ ...... .. . 

r---,~1-:=-----ELEVATION OF IIEFERENCE POINT . 

GROUND SURFACE ELEVATION 

TYPE OF SURFACE SE.AL __ C_E_M_E_NT_G_R_O_VT ________ _ 

DEPTH Of SURFACE SEAL 

DEPTH OF SURFACE CASING 

1.0 . OF ORIGINAL SURFACE CASING . . -~Clf_4()__~~R_B_(!_N_S_TEE_L 

TYPE OF SURFACE CASING NA 

f :~l~"•"'•"'••~••mmcu,,a .. ... ............... ... ... .. . 

I
.!. 1 1 !-' _ DEPTH OF FILLER !SEAL ) .. . . . . .. .................... .. 

- , ,1:-----f-' ',1 TYPE OF FIUER : VOLCLAY GROUT SLURRY (3·2"9 fr) 
t ! ,:- ' ,1 f; ?t • .-----DIAMETER OF BOREHOLE .......... .. 

tt rfr--::;::::. TYPE 30'5CH5S;;;,~;~;T;~L 
i ~ 1 \ ~1 FLUSH JOINT THREADED 

I!:, ~,1 
~~ t 
l.:'1

1 
,', IENTONITE PEUETS FROM 249-2&4 ft 

-, I 'J ,,, _, ~ 
CENT~~~. -:~1 DEPTH OF TOP OF SAND PACK . .......... .... .... ......... .. \ .-{~= '~~i TYPE OF SANO PACK: COLORADO SILICA SAND 20-30 

Out'f.._•f.~ :.i1 ::~;::O: :: :::EEEE: . . . .... .. . . . ... . . . . . . . .. . . . . ... ........ . . . ... .. . . 

~.!.
1

.1 LENGTH 20 fr IO OF SCREE SECTI 

t f k . ::::: ..... ::.M TYN 30,SC: 5S ·=N~~ .,;,, .. 
'T (;; fl °'"":.::::::.•,:::.WRAP w,SS ~TE ATBOTT: 
1i:_:_:.\ .. .-.. :.•.· .. ;_;::1----TYPE OFFIUER aELOW COLORADO SIUCA SAND 20·30 r· ··· ······• ·+- SCREEN c/) .. :)\.\1----DEPTH ~F BOTTOM Of BOREHOLE . . 

WEU DRIUEO USING ODEX AIR ROTARY WITH FOAM. TEMPORARY I -in. SCH. 40 
CARBON STEEL CASING EMPLACED TO 291 ft !EACH SECTION WELDED 1. 

NOTTO ICAL£ 

Figure 5Cl-5. As-Built Diagram for Well 299-£25-31. 
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AU.DEPTHS 
AIIEFIIOM 

GIIOUND SUIIFACE 
(NO SCALE GIVEN ) 

NA 

672.53 fr 

670.40fr 

670.00 fr 

3 fr 

NONE 

10 in. 

19 fr 

3 fr 

Bin. 

"in. 

25" fr 

259 fr 

"in. 

279 fr 

298 fr 
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June 23 to July 16, 1987. This well was drilled by Nelson Drilling Company • 
with a drill-through-the-casing, reverse-circulation air rotary method 
using a down-hole ODEX hammer. The ODEX bit under-reams the borehole, 
allowing the temporary casing to essentially follow the bit without being 
driven. This method is very rapid. A drilling additive, Quick Foam*, was 
used to assist in bringing drill cuttings to the surface. 

Drilling materials and tools were cleaned with a high-pressure, hot water 
rinse before drilling began. Final completion materials were factory cleaned 
and kept in plastic wrap until they were placed in the borehole. A temporary 
12-in.-dia surface casing was installed to a depth of 20 ft. An 8-in. 
temporary casing was installed to total depth, which was 298 ft. 

Sand pack was placed in the borehole from 298 ft to 279 ft. The sand 
pack used in all portions of the borehole is 0.023 to 0.032-in.-dia, a rounded 
silica sand. A 4-in.-dia, 0.020-in. slot-size, type 304 stainless steel 
continuous wound screen was set from 259 to 279 ft (from approximately 15 ft 
below water table to 5 ft above water table). A 4-in.-dia, type 304 
stainless steel schedule 5S flush-joint threaded casing was joined to the 
screen and set from 259 ft to 2 ft above land surface. Centralizers were 
placed at 25 and 45 ft above the bottom of the screen. Sand pack was 
installed around the screen and to 5 ft above the screen (to 254 ft). 
Bentonite pellets 1/4 in. in diameter were placed for 5 ft above the · sand pack 
(from 254 to 249 ft). Volclay** grout was placed above the bentonite pellets 
to 3 ft below land surface. The above process was done while pulling back the 
temporary casings until they were out of the ground. 

The remaining 3 ft of annular space was sealed with portland cement 
slurry. A 4-ft by 4-ft by 4-in. concrete pad was put around the well, and 
four guard posts were placed around the concrete pad. A brass surveyor's pin 
was set flush in the cement apron. 

Wells 299-E25-29, 299-E25-30, 299-E25-32 and 299-E25-33--The design 
drawing for these wells is shown in Figures 5Cl-6 to 5Cl-9, This design 
is generic for the three multiple-completion wells; however, well 299 -E25-32 
has specific differences as noted below. Well 299-E25-33 is a single 
completion well. 

Wells 299-E25-29 and 299-E25-30--These wells were completed in 
October 1987 and were drilled by the cable tool method. A 12-in. starter 
casing was installed to a depth of 20 ft in each well. All the drilling tools 
were high-pressure washed before the start of drilling. The casings were 
high-pressure washed before they were placed in the borehole, and final 
completion materials were factory cleaned and wrapped until they were placed 
in the borehole. 

Well 299-E25-29--The duration of drilling and construction for well 
299-E25-29 was from September 2 to October 7, 1987. Well 299-E25 -29 was 
drilled by Basin and Range Drilling Company to a total depth of 330 ft, and 
8-in. temporary casing was installed to 336 ft. Drive barrel samples were 

*Quick Foam is a trademark of the Baroid Company. • 
**Volclay is a trademark of American Colloid Company. 
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WEU DESIGNATION: 299-E25-29 
HANFORD WEU NUMBER: 2119-E26-29 
HANFORD COORDINATES: N401119.6, W.46734.77 
DATE COMPLETED: 10/7/ 87 
TOTAL DEPTH DATE: 9 / 11 / 87 

CEMENT GROUT 
0-26 ft 

BENTONITE SLURRY 
FROM 26-240 ft 

2-in. TYPE 304 SCH 65 
FLUSH JOINT THREADED 
STAINLESS STEEL CASING 

2-in. CONTINUOUS 
WIRE WOUND TYPE 
304 STAINLESS STEEL 
w / CAP (.020 SLOT ) 

2-ln. CONTINUOUS 
WIRE WOUND 
TYPE 304 SCH 6S 
STAINLESS STEEL 
SCREEN (.020 SLOT) 

6 ft 

10 ft 

10ft 

8 ft 

STAINLESS STEEL 
CENTRALIZER 

- -- ------- - - - - - -------
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PIEZOMETER 
WEU CONSTRUCTION SUMMARY 

ELEVATION 
DATA (ft ) 

SURFACE CASING . . . . . . • • . . ~ 

fi72.62 

672.07 

GROUND SURFACE ... fi7 1·82 

NOTTO SCALE 

7NOIOM.13 

figure 5Cl-6. As-Built Diagram for Well 299-E25-29. 
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PIEZOMETER WEU DESIGNATION: 299•E26-30 
HANFORD WEU NUMBER: 299-E26·30 WEU CONSTRUCTION SUMMARY 
HANFORD COORDINATES: N39710.3S, W.4'900.42 
DATE COMPLETED: 10/ 8/87 
TOTAL DEPTH DATE: 9 / 23/ 87 

IURFACE CASING (12•1n. ICH 40 CARION STEEL) ........ . 

UPP£R ,ruoMETER REFl!flENCf ,otNT ,,. 1-.... . .. . . . .... . 

LOWER ,ruoMETER REFERENCE ,otNT(I) .... . .... .. . .. . . 

SURVEYOR'S ,rN .. . .••. . ... .. .. •• , ..... . ... . . . . • . .. • . . .. . . 

GROUND SURFACE ... . ....•... . .•.. ... . . • . 

i.:: ,. 

I I ❖ 

26tt-- .· ... 

BENTONITE CRUMBLES SLURRY 

:, } BENTONITE PEUETS 

. 20-ft .020 SLOT TYPE 304 
•l STAINLESS STEEL SCREEN 
;_:!,._:! BOTTOM CAP (253.6-283.6 ) 

. . SILICA SANO PACK 
1 
1,'--voLCLAY GROUT 

) SILICA SANO PACK .. v 5-ft .020 SLOT TYPE 304 
._;.i,,,;.;.;J;:&;;;ii.io STAINLESS STEEL SCREEN 

w / BOTTOM CAP (326-330 ) . 

ELEVATION 
DATA(ft ) 

678. 15 

618.02 

677.93 

677.24 

677.0 

NOTTO SCALE 

'7UOI084.11 

Figure 5Cl-7. As-Built Diagram for Well 299-E25-3O. 
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WEU DESIGNATION: 299-E2&-32 
HANFORD WELL NUMBER: 299-E26-32 

OOE-RL 88-27 
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PIEZOMETER 
WEU CONSTRUCTION SUMMARY 

HANFORD COORDINATES: N41199.17, W44326 .tl (i 12-in. CASING) 
DATE COMPLETED: 6 / 22/ 88 ELEVATION 

DATA(ft) TOTAL DEPTH DATE: 1/ 22/88 

12 tt-,11:f_; ,,1 
~ 

4-in. DIA SCH 6S TYPE 304 /111!1 
STAINLESS STEEL RISER •{f{f _••· 
!FLUSH JOINT THREADED I Ill 

BOTTOM OF 
10-in. CASING 
AT 271 ft DURING 
EMPLACEMENT 
OF SANO PACK 

f"1l r~,=.: ·:. 

240 ft --- •.• .. 

SURFACE CASINO (12-ln. SCH 40 
CARION STUL i . . . . . . . . . . . . . . . . . . . fil2§_ 

Ul'l'ER '1lZOMETIR 
REFERENCE ,otNT (Al ...... ... .. .. 189. 11 

••8.U 

~ 

GROUND SURFACE . . . . 667.57 

CEMENT GROUT 

!~if !v !~~L ~~~6°J~RF~~~ WELL 

{ jf/J 2-in. DIA SCH 6S TYPE 304 
111l•L.----"" STAINLESS STELL RISER 
~ (FLUSH JOINT THREADED) 

II POWDERED BENTONrrE 
iJIV FROM 12 ft TO 240 ft 

I ;,1•1 

iL 
}JI 
ii 10-in. SCH 40 CARBON STEEL 

{It_,_/' REMOVED FORM WELL 

11•:1 IENTONITE CRUMBLES/GRANULAR 

llllft.---BENTONITE PELLETS (289-284.8 ft ) 

8ENTONITE SLURRY (310.6-289 ft) 

VOLCLAY GROUT SLURRY NOTTO SCALE 

7N090M.12 

figure 5Cl-8. As-Built Diagram for Well 299-E25-32. 
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WEU DESIGNATION: 299-E25-33 
HANFORD WELL NUMBER: 299-E25-33 
HANFORD COORDINATES: N40115.4. W'6909.0 
DATE COMPLETED: 3 / 22/88 
TOTAL DEPTH DATE: 1 /5/88 

WEU CONSTRUCTION SUMMARY 

ELEVATION Of SUllfACf CASING !NO IUIIFACE CASING USED I . 

AU.Dt'.PTHS 
ARE FROM 

GROUND SUIIFACE 
(NO SCALE GIVEN I 

NA 

ELEVATION OF SUIIVEYOll'I l'IN ...... .. ........... . . . . .. ... ... .... . .... . 

tf14.97 ft 

tf12.35 ft 

ff12.00 ft 

NOTTO SCALE 

GIIOUND IUIIFACE ELEVATION .. . . . 

TYf'E OF IUIIFACE SEAi. _C::..E::..Mc:.;.:;;E.;.;N:..;T...;G::..R:.;.:;O.=UT..:.._ _______ _ 

DEPTH OF SUIIFACE SEAi. .. . . . . ... .. .. . ...................... . , ........ . 

DEPTH OF IUIIFACE CASING . . . . . . . . . . . . . . . . . .... . ... ....... . ....... .. 

1.0 . OF SURFACE CASING .......... . .. . ..• , .... ... .. .......... . . . 

POWDERED BENTON"E 20.5 -200 ft 
GRANULAR BENTON"E 200-252 ft 
BENTON"E PELLETS 252-257 ft 

TYPE OF RISER l'IPE: SCHEDULE 5S T.YPE 304 

FLUSH JOINT THREADED STAINLESS STE: 

DEPTH OF TOP OF SANO PACK .. . .. ........ . ...... . ...... _ 

TYPE OF SANO PACK: 10-20 COLORADO SILICAS. "..c:J:.._ __ 

DEPTH OF TOP OF SCREEN 

DESCRIPTION OF SCIIEEN 

LENGTH: 20.33 ft 1.0 . OF SCIIEEN SECTION . . 

SLOT SIZE .020 in. 

SCREEN CONSTRUCTlOfll TYPE 304 STAINLESS STEEL 

CONTINUOUS WIRE WOUND w l SS CAP 

10-20 COLORADO SILICA SAND 

;!,; ~,-,:, '.., TYf'E OFFILi.Eii . _SL_O_UG_H_2_8_8_·_3_2_0_ft __________ _ 

l
.t i" :,:,'; !. ,' .... _,1 
1 ''1.!•~'-,.1•~ ....._ DEPTH OF BOTTOM OF 1CHrl. SCH 40 t!,:-~,';1!J --.........._, CARIONSTEELCASINGIIIEMOVE0 1 . .... .. ........ .. ~~,~~;)>;::-\~t --.. TYPE OF FILI.ER VOLCi.AY GROUT 320-400 ft . . .... ....... .. .. . 

~(',~;i(:--._t~ ,:-:.,!~?~~'-, DEPTH OF BOTTOM OF.._. SCH 40 . ............... ... . .. . . 

t:,,, _ .... ,'l 
',~~ °;!"'.,'', ... L .. «1-------- - _,._ DEPTH OF BOTTOM OF IOIIEHOLE 11-in. DIAi 

Figure 5Cl-9. As-Built Diagram for Well 299-E25-33. 
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collected to 13 ft, and from 40 to 205 ft; a hard tool was used between 13 
and 40 ft, and from 205 to 330 ft. The lower screen (2-in., 0.020-in . slot 
size attached to 2-in. casing) was placed between 325 and 330 ft below ground 
surface. Stainless steel centralizers were placed at the bottom of the 
screen and 8 ft above the bottom of the screen. Silica sand pack (0.02 - in. 
dia) was placed from 330 to 321 ft around and above the screen. Volclay 
grout was pumped into the borehole via tremie pipe from 321 to 297 ft . 
Silica sand pack (0.02-in. dia) was placed on the Volclay grout to 276.5 ft 
to provide adequate footing for the screen. A 20-ft, 2-in. -dia, 0.020-in. 
slot-size, stainless steel screen with plug was set at 276.5 to 256.5 ft. 
Stainless steel centralizers were placed at the bottom of the screen, 10 ft 
and 15 ft from the bottom. Silica sand pack was placed around the screen up 
to 252 ft. Bentonite pellets were placed above the sand pack to 240 ft, 
then bentonite crumbles slurry was poured to 25 ft. Cement grout was placed 
to ground surface, and a 4-ft by 4-ft by 7-in. cement apron was poured around 
the protective casing. All the temporary casings were removed. Each well was 
bailed using a 20-ft piece of 1-in. polyvinyl chloride pipe with check valve 
for approximately 10 h. The water was not turbid. Four protect i ve posts 
were located around the apron. 

Well 299-E25-30--The duration of dril l ing and const ruction for well 
299-E25-30 was from September 2 to October 8, 1987. Well 299 -E25-30 was 
drilled by Basin and Range Drilling Company to a total depth of 330 ft and 
8-in. temporary casing was installed. Drive barrel samples were collected to 
30 ft and from 75 to 170 ft; a hard tool with water added was used between 30 
and 75 ft and from 170 to 330 ft. The lower screen (2-in., 0.020-in. slot 
size, attached to 2-in. casing) was placed between 325 and 330 ft below land 
surface. Sand pack (0.020 in.) was placed around the screen and to 321 ft. 
Volclay grout was placed between approximately 321 and 290 ft. Six and 
one-half ft of silica sand (0.020 in.) were placed in the borehole, and the 
upper screen (2-in., 0.020 in. slot size) were placed between 263.5 and 
283.5 ft. Sand pack (0.020-in.) was placed around the screen and to 260 ft. 
Bentonite pellets were placed above the sand pack from 260 to 246 ft, and 
slurried bentonite crumbles were placed to 25 ft. A cement grout mixture 
was placed to the land surface, and a cement apron and protective casing 
were installed. The 8-in. and 12-in. casings were removed while the above 
construction activities were being performed . Each well was developed by 
bailing: the lower well for 5 hand the upper well for about 14 h. 

Well 299-E25-32--The as-built diagram in Figure 5Cl-8 shows the design 
for well 299-E25-32. This is a multiple completion hole consisting of a lower 
piezometer screen set at 320 to 330 ft and an upper piezometer screen set 
at 260 to 280 ft. Well drilling commenced on November 12, 1987, and the 
surface grout was poured on May 22, 1988. The well was drilled by Kaiser 
Engineers Hanford to a total depth of 354 ft in dense basalt and 8-in. casing 
driven to 350 ft. An aquifer test using a temporary screen was performed and 
is described in Appendix 58-3. The lower screen is a 2-in . , 0.020-in . -slot 
stainless steel with plug, connected to the riser which reaches to the 
surface. The upper screen is 4-in., 0.020-in.-slot stainless steel with 
plug, connected to the riser, which reaches to the surface. Stainless steel 
standoffs are attached at the top and bottom of both screens. Drive barrel 
samples were collected to 175 ft below ground surface; a hard tool with 
water added was used from about 175 ft to total depth. 
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The final completion consists of Volclay grout slurry from 354 to 
345 ft, bentonite pellets from 345 to 337 .5 ft, 10-20 silica sand from 
337.5 to 315 ft, 20-30 silica sand from 315 to 310.5 ft, granular bentonite 
slurry from 310.5 to 289 ft, bentonite pellets from 289 to 284.8 ft, 10-20 
silica sand from 284.8 to 254 ft, bentonite pellets from 254 to 240 ft, 
powdered bentonite from 240 to 12 ft, and cement grout slurry with 5 percent 
bentonite from 12 ft to ground surface. A 12-in. protective casing with cover 
was set to 2 ft below ground surface. A 4-ft by 4-ft by 6-in. cement apron 
was poured around the protective casing. The well was completed on May 22, 
1988. Both piezometers were developed by submersible pump on June 27, 1988. 
The water was visually determined to be nonturbid. Currently, wells are 
quantitatively determined to be nonturbid when they have been developed to 
~5 nephelometric turbidity units. All temporary casings were removed from 
the borehole. All drilling tools and temporary casings were steam cleaned 
before being used. 

Well 299-E25-33--The as-built diagram in Figure 5Cl-9 shows the design 
for well 299-E25-33. The well was drilled by Kaiser Engineers Hanford between 
November 12, 1987, and March 22, 1988. On January 6, 1988, the maximum 
depth of 400 ft was reached by the 8-in. bit (8-in. casing driven to 383 ft) 
in dense basalt. A drive barrel was used to drill the borehole from ground 
surface to 185 ft; a hard tool with water added was used from 185 ft to 
total depth. A 4-in. dia, 0.020-in.-slot stainless steel sc reen with plug 
was set between 261.88 and 282.21 ft. An aquifer test using a temporary 
screen was performed between about 316 and 274 ft (see Appendix 58-3 for 
details). 

Volclay grout slurry was emplaced by tremie pipe from 400 to 320 ft, 
by formation slough from 320 to 288 ft, and by 10-20 silica sand from 288 ft 
to the bottom of the screen. The 10-20 silica sand was placed around the 
screen and to 257 ft. Bentonite pellets were placed from 257 to 252 ft with 
granular bentonite from 252 to 200 ft. Powdered bentonite was placed from 
200 to 20.5 ft and cement grout with 5 percent bentonite was placed from 
20.5 ft to ground surface. All temporary casings were removed and a 4-ft by 
4-ft by 6-in. c~ment apron was poured around the stainless steel casing. The 
well was developed on March 24, 1988, using a 4-in . bailer for about 1 h. 
The water was nonturbid. 

Other Future Wells--The as-built diagram for well 299-E25-31 (see 
Figure 5Cl-5) shows the general conceptual design for future and postclosure 
groundwater monitoring wells. The boreholes are not expected to be over 
drilled. The drilling method for these wells has not yet been determined, 
but will be determined on a specific basis according to the data required from 
drilling and cost considerations. These wells will be 4 in. in dia, and the 
screen interval will extend from 15 ft below the water table to 5 ft above 
the water table. The casing material used for the future wells will be 
compatible with the sampled constituents. The current standard material 
used in well construction is stainless steel. The sealing method above the 
bentonite pellets will be hydrated granular bentonite or other materials 
that may be appropriate, based on advancements in sealing methods . 
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ANALYSES PERFORMED TO JUSTIFY WELL SPACING, DETECTABILITY 
OF CHROMIUM, AND DETECTABILITY OF TECHNETIUM-99 

APP 5C2-i 



LJ') 

C) 

1 
2 

This page intentionally left blank. 

APP 5C2-ii 

DOE/RL 88-27 
Rev. 1, 01/17/90 

• 

• 



• 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
~ 

~ 
~ 
~ 
25 
~ 

~ 
i 
~ 
32 
~ 

4 

6 
j7 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

• 

APPENDIX 5C-2 

DOE/RL 88-27 
Rev. 1, 01/17/90 

ANALYSES PERFORMED TO JUSTIFY WELL SPACING, DETECTABILITY 
OF CHROMIUM, AND DETECTABILITY OF TECHNETIUM-99 

This appendix contains modeis and calculations to verify that various 
constituents (chromium is the specific constituent analyzed) will be detected 
with a well spacing of 150 ft. Two types of models were used to determine the 
lateral spreading that might occur as the moisture plume reaches the water 
table, and then as the plume moves downgradient in the groundwater and reaches 
the detection monitoring wells. The overall intent of both models was to 
determine the total lateral spreading that might occur by the time a contaminant 
plume arrives at the downgradient wells. 

The first model considered flow in the unsaturated porous media from the 
vaults i n the excavated pit down to the water table. During this phase a 
constant leak rate of 72 gal/d was assumed. This is equivalent to a maximum 
recharge rate of about 10 cm/yr (refer to Section 5.2.4.1 in text) over the 
surface area of two vaults with dimensions of about 150 ft by 50 ft. The 
volume of run-off water is for two adjacent vaults recharging an area between 
them of 130 ft by 5 ft. The water encounters and mobilizes vault constituents , 
moving them downward to the water table by advective movement as a moisture 
plume. When flow conditions reached steady state, the actual and effective 
saturation were calculated to estimate spreading, and the results were 
plotted. A model entitled VADOSE (In Situ 1986) was used for this phase of 
modeling. The complete model setup is shown on Attachment 5C2-l. The 
'critical' parameters used in the model are listed as follows: 

• Unsaturated hydraulic conductivity for a fine sand 

• A beta value for a fine sand from the Hanford .Site 

• The constant leak rate of 72 gal/d as described above 

• A porosity equal to 0.42. 

The second phase of modeling addressed transport of the constituents in 
the saturated zone (groundwater) to the downgradient detection monitoring 
wells. The parameters used for this analysis (and the vadose model) were the 
best known values for the sediment and aquifer conditions at the Grout 
Treatment Facility site. These values in general are considered to be 
conservative parameters and, therefore, should result in less spreading by 
the time the constituents reach the wells. 

The following parameters were input into the WMPLUME model (Beljin 1985): 

• The Darcy velocity (hydraulic conductivity times the hydraulic 
gradient). Hydraulic conductivity was taken from the results of 
the aquifer test at well 299-E25-22 (Appendix 5B-3). An aquifer 
thickness of 100 ft was assumed (Fig. 5-20). The hydraulic 
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gradient was estimated from the water table map (Plate 5-3). Given 
these inputs, the Darcy velocity was estimated to be 0.6 ft/d 

• Effective porosity. Effective porosity was assumed to be 0.25, 
which is a typical value for the porosity in a sand 

• The aquifer thickness, or in this case the thickness over which a 
constituent would disperse, assumed to be 30 ft 

• A longitudinal dispersivity of 100 ft 

• A transverse dispersivity of 10 ft. 

Model Assumptions--A series of assumptions is inherent in any vadose 
zone or groundwater model that is used. These assumptions may introduce 
additional errors besides those associated with the input parameters for the 
model. For the particular models used in this study, the applicable inherent 
assumptions are given below. 

VADOSE Model Assumptions--

• The unsaturated medium is homogeneous and isotropic. The effect of 
an anisotropic condition at the Grout Treatment Facility site, 
where the vertical hydraulic conductivity is estimated to be about 
one order of magnitude less than the horizontal value, would be to 
increase spreading of the moisture plume. This assumption is 
conservative, therefore, for the intent of this study. 

• The effective saturation (Se) can be approximated as an exponential 
functi-on of the capillary pressure (Pc) and an adjustable parameter, 
beta. Empirical studies in the professional literature indicate 
that this is generally an acceptable assumption. 

• The hydraulic conductivity can be expressed as a power function of 
effective saturation (K = Ko* (Se**n)). As stated above, this is 
generally an acceptable assumption. 

WMPLUME Model Assumptions--

• The aquifer is confined and uniformly porous. 

• The aquifer is homogeneous, isotropic, infinite in areal extent, 
and of constant thickness. 

• The solute injection well is fully penetrating. 

• Recharge rates are negligible in relation to the uniform regional 
flow rate. 

• Pollutants are distributed instantaneously to the entire aquifer 
thickness beneath the point source. 
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Results--The width of a chromium plume after 180 d, located 140 ft 
downgradient from the nearest vault, is 160 ft. The concentration of 
chromium is 0.06 p/m, which is above the detection level by one order of 
magnitude (0.010 p/m). After interim status monitoring, the time interval 
between sampling events is equal to 180 d. Therefore, it appears that a well 
spacing of 150 ft is close enough to detect leakage from a vault. The 
results are listed on Attachment 5C2-2 . 

Minimum Leak Rate--An analysis was conduc;9d to determine the minimum 
leak rate that can be detected when analyzing Tc. This analysis was based 
on flow volumes estimated by Pacific Northwest Laboratory (Sewart et al. 
1987) for two cases: (1) a vault situated with the long side (38 m) 
perpendicular to flow and (2) a vault situated with the short side (15 m) 
perpendicular to flow . Fl~w through a 50-m cross section of the aquifer is 
estimated to be 5.8 x 10 m /yr. The dilution volume in the worst case (38-m 
sid~) is 1.39 x 10-1 L/s, and in the best case (15-m side) it _ is 5.51 x 
10- L/s. 

Based on the estimated waste concentration for 99Tc of 10-5 C~/L, the 
minimum detectabl 9 leak rate for i nterim status is about 1.5 x 10 - L/d (best 
case) and 4 x 10- L/d (worst case). For final status, the minimum detectable 
leak rate is about 1 x 10-9 L/d (best case) and 3 x 10-9 L/d (worst case). 
This analysis is detailed in Attachment 5C2 -3. The analysis does not account 
for the movement and fate of constituents in the unsaturated zone . 
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V A D O S E V3.11 

3-D Transient Unsaturated Flow 

IN-SITU INC. SOFTWARE SERIES 

Input data file name is C:VADGRTA.INP 
Output data file name is C:VADGRTA.OUT 
The plot file name is C:VAOGRTA.PLT 

Impact of Vault Leakage on Vadose Zone: Q=71.8 GPO 

OOE/RL 88-27 
Rev. 1, 01/17/90 

• 

0 SOIL PROPERTIES 

0 

------------------------------
Capillary pressure at Effective Saturation 
of 1.0 (in. of fluid) = 
Exponential fit parameter for effective saturation Cin.>= 
Hajor saturated hydraulic conductivity Cft/d) = 
Minor saturated hydraulic conductivity Cft/d) = 
Angle of major hydraulic conductivity (degrees) = 
Ratio of vertical to mean horizontal hyd. conductivity = 

Porosity C½) 
Maximum saturation (%) 
Irreducible saturation (%) 

PROJECT SITE DESCRIPTION 
======================== 

Drainfields 
-----------
No. Flow rate Center 

gal/day XCft) Y<ft) 

1 7'"' .... .oo .oo 

Point leaks 

Number of point leaks 0 

APP 5C2-6 

= 
= 
= 

Depth si ::e 
ft ft ft 

50.00 130. X ... 
J • 

1.89 
6.30 

1. 2E+02 
1.2E+02 

.00 
1.00 

42.00 
95.20 
22.60 

Orientation 
degrees 

9(1. 00 

• 



• 

0 

• 

IMPERMEABLE BOUNDARIES 
====================== 
* Ground surface is not impermeable. 

* No horizontal impermeable-layer below the sources 

DOE/RL 88-27 
Rev. 1, 01/17/90 

* No vertical impermeable boundary. For all practical 
purposes soil formation is infinite in areal extent. 

CALCULATIONS FOR A VERTICAL CROSS-SECTIONAL PLANE 
==============================-===--==-========== 
X-coordinate of the NW or SW corner of the 
cross-sectional grid plane = -50.0 ft 
Y-coordinate of the NW or SW corner of the 
cross-sectional grid plane = .o ft 
Angle of the cross-sectional grid w.r.t. X-axis = .o degrees 
Length of the cross-sectional grid = 100.0 ft 
Depth of the top of the grid = .o ft 

. Depth of the bottom of the grid = 220.0 ft 
Number of horizontal grid points = 10 
Number of vertical grid points = 17 

K =Ko* CSe**3.0> 
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DOE-RL 88-27 
5teady state solution Rev. 1, 01/17/90 
==============-----=-

• Depth (ft) Effective Saturation ( '1/.) 

---------- ------------------------
XCft> -50. -39. -28. -17. -6. 6. 17. 28. 39. 50. 
Y(ft) o. o. o. o. o. o. o. o. o. o. 

. o o. o. o. o. o. o. o. o. o. o . 
13.8 o. o. o. o. o. o. o. o. o. o. 
27.5 o. o. o. o. o. o. o. o. o. o. 
41.3 o. o. o. o. o. o. o. o. o. o. 
55.1) o. o. o. o. o. o. o. o. o. o. 
68.8 o. o. o. o. o. o. o. o. o. o. 
82.5 o. o. o. o. 1. 1. o. o. o. o. 
96.3 o. o. o. o. 2. 2 • . o. o. o. 

c,i 110.0 o. o. o. o. 2. 2. o. o. o. 
123.8 o. o. o. 1. 2. 2. 1. o. o. 

0 137.5 o. o. o. 1. 3. 3. 1. o. o. 
151. 3 o. o. o. 1. 3. ..,. 

..> • 1. o. o. 
165.0 o. . o. o. 1. 3. 3. 1. o. o. 
178.8 o. o. o. 1. 3. 3. 1. o. o. 
192.5 o. o. o. 1. 3. 3. 1. o. o. 

vJ., '206.3 o. o. o. 1. 3. 3. 1. (J. (). 
220.0 o. o. o. 1. 3. 3. 1. o. o. 

~ 

~ Depth (ft) Actual Saturation (%) 

---------- ---------------------
X (ft) -50. -39. -28. -17. -6. 6. 17. 28. 39. 
Y<ft> o. o. o. o. o. o. o. o. o. 

0 

n--. . o 23. 23. 23. .,, 23 . 23. 23. ,., .,.. 
23. 23. _ _,_ 

.;...._j. 

13.8 23. 23. 23. 23. 23. 23. 23. .... ..,. 
-'-.:>o 

,.,..,. .., . .;,. ?~ _ __,. 

27.5 23. ...,..,. 
~..:,. 

........ 
"-.:> • 23. 23. 23. 23. ,.,""'!'!" --·· 23. ,..,..,. 

~..:,. 

41. 3 23. 23. 23. 23. 23. 23. 23. ,.,-::-....,._, . 23. 23. 
55.0 ,,, 23. 23. 23. 23. 23. 23. ...,..,. 23. 23. ---·· ..:_ ._, . 
68._8 23. 23. 23. 23. 23. ...,..,. 

.::....> • 
,., .,.. ~-'. 23. '"'.,. .::.,_-.. 23. 

82.5 ,,.,. -..>- 23. 23. 
..,..,. ,_,_ ,., ... 23. 23. 23. 23. ,,~ .:.~. _ _,_ 

96.3 23. 23. ,,..,. -..>- 23. 24. 24. 23. 23. 23. 23. 
110.0 23. 23. 23. 23. 24. 24. 23. 23. 

,., ..,. 
4._\ . 

,., .... .... _ ... 
123.8 2..,. ..) . ,, .,. 

--.:>. 23. 23. 24. 24. .... ..,. 
.:;. ....) . ,., ..,. .__ .... 23. 23 . 

137.5 23. 23. 23. 23. 24. 24. 23. 23. '"'..,. ...,~ 
..;;. . ..>. .........., . 

1 ~1. 3 23. 23. 23. 23. 25. 25. ...,..,. 
..::,...) . 23. 23. 23. 

165.0 '"'.,,. 23. 23. 
..._.,. 

25. ,.,.,. ,.,~ 23. -., ...,'"':! ,.:. . .::,. .::..J • 4',.,;J. ~-·· J:_ .,,j. .;. ,_,J • 

178.8 23. 23. 23. 23. ,.,C' 
4~. 25. ,..,~ ..., -=! ,..,...,. 23. ~-·· ... .., . ..,: .~•. 

192.5 23. 23. 23. 24. "'-=-~...J. 25. 24. 23. ,..,~ ...._,. 23. 
206.3 23. 23. 23. 24. 25. 25. 24. -23. 

,..,.., 2. ... ....) . 
220.0 23. 23. 23. 24. 25. 25. 24. ,,~ 23. 2 -·-·. 
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X (F T) 
THE HORIZONTAL DISTANCE IS MEASURED FROM( -eo.. 0.) 
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100.0 
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THE HORIZONTAL DISTANCE IS MEASURED FR°"4 ( -!50 . • 0 . ) 
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SATURATED ZONE TRANSPORT MODEL SET UP AND RESULTS 
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Rev. 
********************************************' 
* * * SOLUTE TRANSPORT FROM POINT SOURCES * 
* * * IN TWO-DIMENSIONAL UNIFORM FLOW * 
* MODEL: •WMPLUME * 
* * 
********************************************* 

DATE: 10-14-87 

INPUT DATA: 

DARCY VELOCITY ••••••••••••••••.••••••• : 0.60 
EFFECT I VE POROSITY ••.•.••••••••••••.•• : .25 
AQUIFER THICKNESS ••.••..••••••••••••.• : 30.00 
LONGITUDINAL DISPERSIVITY .•••••••••••• : 100.00 
LATERAL DISPERSIVITY .•..•••••••••••••• : 10.00 
RETARDATION FACTOR .•••••••.•...•••••.. : 1.00 
DECAY CONSTANT (lambda) ••••••••••••••• : 0 
NUMBER OF POINT SOURCES .•••.•••.•••..• : 3 

SOURCE DATA: 

SOURCE NO. 1 

DOE/RL 8.8-27 
1, 01/17/90 

ft/d 

ft 
ft 
ft 

1/d 

X-COORDINATE OF THE SOURCE •..•...••... : 
Y-COORDINATE OF THE SOURCE .••.•. · .•.... : 
THE SOURCE STRENGTH .......•.•.•••..... : 
ELAPSED TIME OF THE SOURCE ACTIVITY ••• : 

200.00 ft 
90.00 ft 

0.01 lb/d 
180.CIO d 

SOURCE NO. 2 

x-·coORD I NA°TE . OF . THE . SOURCE.- .. ~ •• ~ · .•. .- . : 
Y-COORDINATE OF THE SOURCE ........•... : 
THE SOURCE STRENGTH ....•.............. : 
ELAPSED TIME OF THE SOURCE ACTIVITY •.. : 

·200.00 ft 
100.00 ft 

0.01 lb/d 
180.00 d 

• 

• 
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SOURCE NO. 3 

DOE-RL 88-27 
Rev. 1, 01/17/90 

X-COORDINATE OF THE SOURCE .••••••••..• : 200.00 ft 
Y-COORDINATE OF THE SOURCE .•••••••••.• : 110.00 ft 
THE SOURCE STRENGTH .•.•.•••.•••••••••• : 0.01 lb/d 
ELAPSED TIME OF THE SOURCE ACTIVITY •.• : 180.00 d 

GRID DATA: 

X-COORDINATE OF THE GRID ORIGIN ..•..•. : 
Y-COORDINATE OF THE GRID ORIGIN •.••••• : 
DISTANCE INCREMENT DELX •.••••••••.•.•• : 
DISTANCE INCREMENT DELY ••••.•••..••.•. : 
NUMBER OF NODES IN X-DIRECTION ..•....• : 
NUMBER OF NODES IN Y-DIRECTION ...••... : 

APP 5C2-13 

0.00 ft 
o.oo ft 

10.00 ft 
10.00 ft 
40 
20 
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••••••••••••••••••••••••••••••••• AESULTS ••••••••••••••••••••••••••••••••••• 

+------> X-dir~ction CONCENTRATION in •Qll (pp•) 
I 
V y 

o.oo ft 10.00 ft 20.00 ft 30.00 ft 40.00 ft ~o.oo ft 60.00 ft 70.00 ft 80.00 fl 90.00 1t 

0.00 ft 0.0000 O.O(u)O 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.(1000 
J.0.00 ft 0.0000 0.000(1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00(10 
20.00 ft 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00(10 0 . (11)(10 
30.0(1 ft 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 
40.CJ•) ft 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(1 0.0000 0 . 0000 
50.00 ft 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0(100 
b0.00 ft 0.0000 0.00(10 0.0000 0.0000 0.0000 0.00.00 0.0000 0.0000 (1.0000 0.0000 
70.(H) ft 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
00.00 ft 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
90.00 ft 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

10(>.00 ft 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000· 0.0000 0.0000 O.OC100 
110.00 ft 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
12•).0<) ft 0 . 0000 0.0000 O.OOfJO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.Oc)OO 
130.(•0 ft 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
140.00 ft 0.0000 0.,)000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 

)> 15(1.00 ft 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
"'O 160.00 ft 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
"'O 170.00 ft 0.0000 0.0000 0.0(100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
u, 180. (1(1 ft 0.0000 0.00(10 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
("') 190.00 ft 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
N 
I ..... 100.00 fl 110.00 ft 120.00 ft 130.00 fl 140.00 ft 1~0.00 fl lb0.00 ft 170.00 ft 180.00 ft A 190.00 ft 

0 . (10 fl 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
10 . 0(1 ft 0 . (,o(iO 0. 0(100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
20. 1) ( 1 It 0 .C1v0(1 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
30. (u) ft (1.0000 C). O(t(H) 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
40. 0 0 ft •J . 0 000 I) .O( H)(J 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0(100 
50.00 ft 0 .000 0 (1. 00( 10 0.0000 0.0000 O.OCIOO 0.0000 0.0000 0.0000 0.0000 0.0000 
60 .{u) ft O.O(u)O O . O(uiO 0.(1(100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

. 70. (1(1 ft (1.000(1 0. 00(1(1 0.0000 0.0000 · 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
80.<)(1 ft 0 . 1J(J1) 0 (J. C)c)(Hj 0.(1000 0 . 0000 0.0000 0.0000 0.00(10 0.00(10 0.(1000 0. O(u)(t 
?(,. 1)0 ft 0. (J(u)O 0. 000(1 0.0(100 (1.(1000 0.0000 0.0000 0.0000 0.0000 0.0000 0.(JI.IC)O 

lOcJ. (10 ft CJ. 0 0 0 0 () • (i ( 1c)(J 0. (1(1(11) 0.00()0 0.0000 0.0000 0.0000 0.0000 0.0000 0 .(1(1(10 
110.(HJ tt 0. ( l( H'J(• O. ( 11.uJ O 0 . (1000 0. 0 000 0 . 0000 0.0000 0.0000 0.0000 0.00(10 0 . 00(1(1 
120. (HJ ft 0 . cJ(1( 10 c) .(Jt) (J(I (J.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
130.(H) ft (I . (J(Jt) (J I) .(IIJI)() 1).0(100 0.0000 0.0000 0.0000 0.0000 0.'1000 0.0000 0. (•(•00 
140.(H) It 0.1J 1.1tJO 0.0000 0.0(100 o.c,ooo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0•)00 :;:c 
1 :'.\( I• (H) fl 0. 0 0(1(1 (J • (H) t)(I (I. (J(U)(I 0.00(10 0.0000 0,0000 0.0000 0.0000 0.0<)00 0.0000 ti) 

160. (l(J It (1.(.11)1)0 0. (H)(.fO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 < . 
171) . t)1) ft 0 . t)(J( U) (J. (U) t) (I v.oouo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 C 
16«). (IC) fl () • ( H)l) t) 0 . O(uJO 0.0000 0.0000 O.OOO(J 0.0000 0.0000 0.0000 0.0000 0. (1(1(1(1 ..... 0 
190.00 fl 0 .000 «) I). (100(1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 · 0.0000 0.0000 

w r,'1 
........ 

0 :;:c ..... ,-
.......... 
..... 00 
...., 00 

.......... I 
ID N 
0 ...., 

• • 



• • J ' 
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·················· ·····-········· RESULTS ••••••••••••••••••••••••••••••••••• 
+----- - > X·-d1r-ec tion CONCENTRATION in 111,;i/l (pp,a) 

\I V 

200.00 ft 210.00 ft 220.00 ft 230.00 ft 240.00 ft 250.00 ft 260.00 ft 270.00 ft 280.00 ft 290.(10 ft 

0.(U) ft 0. 024•) 0.0:?51 O.Ci263 0,0275 0.0286 0,0297 0.0308 0.0318 0.0328 0.0337 
l(l.(1(1 ft 0 .03 13 0.0329 0.0344 0.0359 0.0374 0,0387 0.0401 0.0413 0.0425 0 .fJ4 3 b 
2(• .(u) ft 0.1.141() 0.043 1 0.0451 0 , 0470 0.0488 0.0505 0.0521 0.0536 0.0549 0.05b2 
::.o.oo ft 0 .053 9 0.05bb 0.05?1 O.Ob15 0.0638 0.0658 O.Ob77 0.0694 0.0709 0.,)1 22 
4,) .00 fl 0 . (1713 0.0747 0.0780 0.0810 0.0837 0.0861 0.0882 o.o9op 0.0915 0.(192 7 
50.00 ft 0 .0952 0.0998 0.1039 0.1075 0.1106 0,1132 0.1152 0.1168 0.1179 O.lH:15 
61).00 ft 0.12YB 0.1358 0.1409 0.1449 0.1480 0 .150 0 0.1512 0.1516 0.1514 0 .150 b 
70.00 ft 0. 1838 0.1918 0.1972 0.2002 0.2011 0 . 2005 0.1986 0.1958 0, 1925 (1 .188 7 
80.0fJ ft 0.2854 0.2940 0.2928 0,2861 0.2769 0 .2670 0.2570 0.2473 0.2380 c) . 22411 
'1(1. ,)u tt - 1.0ui)O o. 5354 0,4427 0,3947 0.3b08 0.3340 0.3119 0,2931 0.2767 0.262 2 

100. (u) ft - 1 .0c)OC:1 o.5930 0.4937 0.4371 0.3952 0.3619 0.3346 0.3117 0.2922 0,2"/ 52 
110. (H) fl - 1 . 000(1 0,5354 0.4427 0,3947 0.3b08 0.3340 0,3119 0.2931 0.2767 u. 26 2 2 
120.00 ft 0 . 2El54 0.2940 0 . 2928 0.2861 0.2769 0.2670 0.2570 0,2473 0.2380 0.229 1 

)> 130 .c) (I ft 0. 1838 C•.1918 0.1972 0.2002 0.2011 0 . 2005 0.1986 0.1958 0.1925 O. 1El8 7 
-0 14-:,. o,:. ft 0. 1298 0.1 '.!,58 0.14(19 0.1449 0.1480 o . 1500 0.1512 0.1516 0.1514 0.150 6 
-0 l ~•• .1)( 1 ft 0 . 0 952 0.0990 0.1039 0.1075 0.110b 0.1132 0.1Hl2 O. llbB 0.1179 (1.11 8 5 
u, lbt.). (H) ft 0 . 0 "/ 13 0. 0 747 0.0780 0.0010 0.0837 0 . 0 861 0.0882 0.0900 0.(1915 0.092 7 
n 170.1)(1 ft o . o 5:l 9 0.(1566 0.0591 0 . 0615 0.0638 O. Q658 0.0677 0 . 0694 0.07(19 1)., (1 / 2 2 

N 10(.1. I)(> f t 0 . 0 41 0 0. 0 43 1 0. 0 451 0. (1470 0.0488 (1 . 0505 0.0521 0.053b 0. 0 549 0 . 0 562 
I 191 I .1)( 1 ft 0 . 03 13 0.03 29 0.0344 0.0359 0.0374 0.0387 0.0401 0.0413 0.042 5 ,).t) -1 3 6 .... 

u, 

31)0 . (10 ft 3 1(1.(10 ft 320.00 ft 330.00 ft 340.00 ft 350 .00 ft 3b0.00 ft 370.00 ft 380.00 tt . 39u. oo ft 

(J . (10 f t 0 . 03 4 5 o .os.:;3 0 .(136 0 0.03 67 0 .(J373 o.o:n o 0.03 82 0.038b 0.0389 0.(139 1 
1(1.(1(1 ft IJ.(144 5 (1.0454 0.0462 0,0469 (1.0475 0.0481 0 . 0485 o. 0481:l 0.1)491) ( t . lJ'l Y l 
=••.1.UJ fl tJ.(1~72 1).(J !)f::j ~ o. c:,:;90 0.0597 0.0603 0 .060 7 O.OblO 0.0611 0.061 2 1.1 .U6 l l 
:_:,1). (U.,1 t l 0 . 07'.3.3 0.0742 (1.0749 0.0755 0,0758 0 . 0760 0.0760 0.0759 O,CJ756 () . (1 / ~,2 
4 ( 1 .1.h J t t o. oq :3, 5 0 . t)94 2 0.0945 0 . 094b 0. 0 945 0. 0942 0.0937 (1.0931 0.0923 1) .09 1 J 
~ IJ • (1 (1 I l (1 .1111 7 0 . 1HJ6 1) . l1U2 0.1175 0 . 1165 0. 11 54 0.1140 0.1125 t).111.19 0 . 1(19 1 
b ( .1. (hJ I t. O. l4 Y1 1). 1477 0 .1458 (1.1436 0.141 3 0 .1 3 88 0.1361 0 .1 334 (1.1 31)b 0 . 1~' 7A 
7,:,. (1 (1 11 (I . l 046 (1. l lJt):3, 0.176(1 O.ll16 o. 1672 0 .1620 0.1585 0.1542 0 .15(11 o. 14 ::'1'7 
B(, . tHJ f t 1). 2:!(•7 {). 2 J :!7 ,:, • :l(J51 0 .197'1 0.1911 0. 1846 C),1784 0. 172 5 0 .1669 (1. 1614 
'tt.J. (_11) fl 0.249 3 0. :~3 77 0 ,2271 0. 2 174 0 . 2085 0 . 2002 0 . 1925 0.18:.13 1) .1 78:) ( t. 1 7 ~:(I 

1,_u., .1Jf1 ft 1) . 260 4 tJ. 2 47 2 0. 2354 0. 2 247 0 .2149 0. 2059 0.1976 0.18•/B 0 .18:;:' t, 4.1. li' !'ol:l 
11 ( 1. f.JCJ I l (1 . :!4 9:... 0 .. 237 7 0. :?2 /1 0.2174 0.2085 0 .2002 0.192 5 0.1853 0. 170:) (1 . 11 "<0 
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CALCULATION OF LEAK DETECTION CAPABILITY 

Objective 

Given a background level of 99Tc in the groundwater at the Grout Treatment 
Facility (i.e., at wells 299-E25-25 and 299-E25-32), calculate the minimum 
detection leak rate from a grout vault. 

• Based on Sewart et. al (1987): flow through a 50-m cross section 
is 5.8 x 103 m3/yr 

• Vault dimensions: 15 m x 38 m x 10 m (WxLxD) 

• The 99Tc background concentration measurements per Table 5C2-l. 

Two Scenarios 

• Worst Case: leak on 38-m side, which is perpendicular to groundwater 
flow 

• Best Case: leak on 15-m side, which is perpendicular to groundwater 
flow. 

Table 5C2-l. Grout Treatment Facility Groundwater Monitoring Data. 

Date 

07/01/87 
09/30/87 
01/19/88 
01/19/88 
03/20/88 
08/05/88 
08/05/88 
08/11/88 
08/11/88 
10/19/88 
01/03/89 
01/04/89 
02/24/89 
02/28/89 

Well 299-E25-25 
(pCi/L) 

2.91 E-01 
1. 47 E+OO 
2.81 E-01 
3.40 E-01 
1.80 E-01 
6.62 E-01 
3.69 E-01 

1.00 E-01 

7.90 E-01 

NOTE: Position is upgradient; sample is 99Tc. 
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Well 299-E25-32 
(pCi/L) 

6.40 E-01 
7.60 E-01 
2.75 E+OO 

1. 99 E+OO 
5.40 E-01 

• 

• 



----- - - - - - - - -----

• 1 
2 
3 
4 
5 
7 
8 
9 

10 
H 
13 
14 
15 
16 
17 
i.S 
19 
ffl 

~ 
.u 
24 
,2<5 
26 
27 

~ 
.lO 
31 
.l2 
33 
Gl 

5 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

• 51 
52 

Flow Rate Calculation: 

• Worst Case: 

5.8 E+03 m3 x 38 m x 1,000 L x 

50 m/yr 

• Best Case: 

1 yr 

3.16 E+07 s 

5.8 E+03 m3 x 15 m x 1,000 L x 1 yr 

50 m/yr 3.16 E+07 s 

DOE/RL 88-27 
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= 1.39 E-01 L 

s 

= 5.51 E-02 L 

s 

Detection Limits--Based on the statistical techniques outlined in 
Appendices 50-2 and 50-3, the groundwater will be considered uncontaminated 
if it is at the 99 percent level (interim status) and 95 percent level 
(final status) of significance. It can be 9;ated that the upgradient 99Tc 
concentration is equal to the downgradient Tc concentration ~ The minimum 
detectable background shift is determined using the method detailed below. 

Test for Normal Distribution - -The student ' s t-statist i c used for this 
analysis on~9 applies to data that are normally distributed. Therefore, the 
background Tc concentration data (Table 1) were tested for normality using 
the Lilliefors test (Conover 1980) . The null hypothesis was that the 
background 99Tc concentration data are normally distributed with an unspecified 
mean and variance. The t-statistic, Tl, was found to be 0.2036, which is 
less than the 0.9 quantile of the Lilliefors test statistic of 0.242. 
Hence, it is concluded that there is no evidence that the data are not 
distributed normally . 

Detectable Shift Calculations--The minimum detectable background shift 
is calculated using the following formula: 

where 

Xm - Xb = t x Sb x / (1+1/Nb) 

Xm = mean background concentration 
Xb = mean concentration from monitoring well 
t = student's t-statistic, with significant alpha and Nb-1 degrees of 

freedom 
Sb= background concentration standard deviation 
Nb= number of background samples. 

Case 1: Interim Status Standards (99% confidence level) 

t = 2.7181 
Sb= 0.82113 pCi/L 
Nb= 12 
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Xm - Xb = 2.781 x 0.82113 pCi/L x / (1+1/12) 
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Xm - Xb = 2.323 pCi/L minimum detectable background shift . 

Case 2: Final Status Standards (95% confidence level) 

t = 1. 796 
Sb= 0.82113 pCi/L 
Nb= 12 

Xm - Xb = 1.796 x .82113 pCi/L x / (1+1/12) 

Xm - Xb = 1.535 pCi/L minimum detectable background shift. 

Calculation of Minimum Detectable Leak Rate 

Case 1: Interim Status Standard (99% confidence level) 

Minimum detectable concentration shift is 2.323 pCi/L 

• Worst Case: (38-m side) 

1.39 E-01 L x 2.323 pCi = 3.23 E-1 pCi/s (or 3.23 E-13 Ci/s). 

s L 

• Best Case: (15-m side) 

5.51 E-02 L x 2.323 pCi = 1. 28 E-1 pCi/s (or 1.28 E-13 Ci/s). 

s L 
Case 2: Final Status Standard (95% confidence level) 

Minimum detectable concentration increase is 1.535 pCi/1 

• Worst Case: (38-m side) 

1.39 E-01 L x 1.535 pCi = 2.13 E-1 pCi/s (or 2.13 E-13 Ci/s) 

s L 

• Best Case: (15-m side) 

5.51 E-02 L x 1.535 pCi = 8.46 E-02 pCi/s (or 8.46 E-14 Ci/s) 

s L 

Calculating the 95% confidence limit on 99rc concen5ration for 5he 
waste (Table 3-3) gives a concentration range of 9 x 10- to 6 x 10- pCi/L. 
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The leak detection capability can be calculated by dividing the minimum 
detectable concentration increase by the waste concentration. The results 
of this division are presented in Table 5C2 -2 and show that a small amount 
of material released from a vault over a 1-yr period will produce a significant 
increase in 99Tc concentration in the groundwater. 

Status 

Interim Status 

Final Status 

REFERENCE 

Table 5C2-2. Minimum Detectable Leak Rate. 

Best case (L/yr) 

4.4 E-02 - 6.43 E-02 

2.9 E-02 - 4.2 E-02 

Worst case (L/yr) 

1.1 E-01 - 1.6 E-01 

7.4 E-02 - 1.1 E-01 

Conover, W. J., 1980, Practical Non-Parametric Statistics, 2nd ed., John 
Wiley and Sons, Inc., New York, New York. 
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APPENDIX SD 

DETECTION MONITORING PROGRAM 

5D-1 Sampling and Analysis Plan 

5D-2 Establishing Background 
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50-3 Statistical Procedures for Evaluating Changes in Groundwater Parameters 

5D-4 Quality Assurance Projects Plan 
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SAMPLING AND ANALYSIS PLAN 
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APPENDIX 5D-l 

SAMPLING AND ANALYSIS PLAN 
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This plan introduces the procedures that will be used for sample 
collection (including well evacuation and sample withdrawal methods), field 
measurements, sample preservation and shipment, chemical analysis, chain of 
custody, and quality control. 

All sampling activities are currently performed under contract by Pacific 
Northwest Laboratory. The U.S. Testing Company, Incorporated, currently 
conducts sample analyses for most constituents*. 

SDl-1.0 SAMPLE COLLECTION PROCEDURES 

SDl-1.1 INTRODUCTION 

These procedures are intended for use in collecting groundwater samples 
that will be analyzed for hazardous chemicals. Sample collection at the 
Grout Treatment Facility site for the detection monitoring wells (299-E25-25, 
299-E25-29A, 299-E25-31, 299-E25-32A, and 299-E25-33) is performed using a 
dedicated piston pump. The baseline monitoring wells (299-E25-26, 299-E25-27, 
and 299-E25-28) are sampled with dedicated submersible pumps. 

5Dl-l.2 EQUIPMENT 

The following equipment may be needed in the field during sampling: 

• Truck-mounted air compressor and generator 

• Extra discharge line for submersible pump 

• Teflon bailer 

• pH and conductivity meter 

• Digital thermometer 

• Steel measuring tape 

• Blue chalk 

• Electrical tape 

• Engineer's measurement tape 

*The procedures identified in this appendix are in accordance with EPA 
standards. 
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• Stopwatch or watch with second hand 

• Bucket or jug (for measuring flow rate) 

• Distilled water 

• Ziploc* bags 

• Ice chests with ice 

• Plastic gloves 

• Aprons 

• Towels 

• Indelible marker 

• Extra sample labels 

• Sample seals 

• A copy of all relevant procedures 

DOE/RL 88-27 
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• Sample containers with caps and liners (including extras) 

• Field record forms 

• Chain-of-custody forms 

• Sample-analysis request forms. 

5D1-1.3 SAMPLING PRECAUTIONS 

Do not smoke, eat, or handle any objects not necessary for sampling while 
performing sampling procedures. 

Do not sample downwind of any potential sources of volatile organics such 
as car exhausts or open fuel tanks. These could contaminate the sample. If 
any such sources are unavoidable, make a note of them on the field record 
forms. 

Leave caps on the sample containers until just before filling. 

Avoid handling the Teflon** bottle cap liners. Do not use any liner that 
falls out of the cap and onto the ground. 

*Ziploc is a trademark of Dow Chemical Company. 
**Teflon is a trademark of E.I. duPont de Nemours and Company, 

Incorporated. 
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Chemically inert sampling devices should be used for sampling activities 
unless a justification is provided to do otherwise. 

Wear gloves when taking samples and when handling containers, especially 
those containers with preservatives added. 

A radiation protection technician or equivalent shall monitor for 
radiation during sampling activities according to Hanford Site regulations, 
requirements, and standards. 

501-1.4 Sample Collection Using 
Submersible Pump 

Take water-level measurements according to the water-level measurement 
procedure (Section 5D1-1.9.1). 

Check to see that the hose bib for the submersible pump is open. 

CAUTION: Be sure the power switch on the 230-V outlets is turned off! 

Plug the power cord into one of the 230-V outlets on the generator on the 
truck and into the outlet at the well head. 

Start the electric generator. 

Turn the power switch on to begin the pumping process. Be sure not to 
handle energized power cords. If the pump does not work properly, as 
indicated by a lack of airflow out the discharge hose or by failure of the 
generator to 'lug' down, turn the switch off immediately. After waiting a 
few seconds, turn the switch on and off several times rapidly, finally pausing 
in the ON position to determine if the pump has started ~o function properly. 

After the water begins to flow from the outlet, pump the well until the 
pH, temperature, and specific conductivity have stabilized. 

NOTE: Some wells pump down after a period of time. If the well pumps dry 
while purging, it does not generally mean that a sample cannot be 
collected. A sample can still be obtained by following these steps. 

1. Turn off the submersible pump when the well pumps dry. 

2. Wait for the well to recharge. This should be about 15 min, but may 
take as long as 30 min. 

3. Measure the depth to water using the electrical tape. Make sure 
that the water level is above the pump intake. 

4. Turn the submersible pump back on. Collect the samples that are 
designated for collection with the submersible pump. 
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Measure the pH, temperature, and specific conductivity of the discharged 
water at least three times during purging, according to the standard 
procedures for measuring pH and conductivity (explained in Section 5D1-1.9). 
The pH will be considered stable when two consecutive measurements agree 
within 0.2 pH units. Temperature will be considered stable when two 
consecutive measurements agree within 0.2 °C. Conductivity will be considered 
stable when two consecutive measurements agree within 10 µmhos. If pH, 
temperature, and conductivity do not stabilize within the calculated purging 
time, contact the technical supervisor before collecting samples. 

Enter time, date, and your initials on all sample labels. 

Record information on field record form as it becomes available. The 
information that must be recorded on the field record form is described in 
Section 5D1-2.1. 

Check the labels on the sample containers to determine which ones can be 
filled using the submersible pump (a blue line on the right side of the sample 
label indicates that the submersible pump should not be used to fill that 
particular container). 

Fill the appropriate sample containers as described under 
Section 5D1-1.8. 

Attach a sample seal to each container and place it in a cooler or ice 
chest that has ice in it. 

501-1.5 SAMPLE COLLECTION USING 
BLADDE~ .PUMP 

If the well has a dedicated bladder pump, turn on the air compressor and 
use the procedure described below. If the well does not have a bladder pump, 
use the procedure~. given for the Teflon bailer to collect the remaining 
samples. 

1. Attach the air compressor to the bladder-pump pressure inlet on the 
face of the controller panel, using the female portion of the 
coupling supplied. 

2. Connect either end of the controller's red air hose to the pump 
supply on the right side of the control panel. Connect the other 
end of ~he controller air hose to the quick-connect nipple located 
in the well cap assembly. 

3. Attach the appropriately labeled extension line to the bladder-pump 
discharge line. · 

4. Five of the 15 pumping cycles are required to purge the air from the 
bladder pump and tubing. Full water flow from the sample supply tube 
should then begin. After water flows from the outlet tube, pump 
the well until the pH, temperature, and specific conductivity have 
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stabilized, (run the bladder pump for at least 5 min before taking 
samples). 

5. To reduce the water-flow rate during sample collection, turn the 
throttle control on the left side of the control panel in the 
counter-clockwise direction. To increase the flow rate, turn the 
throttle control clockwise. 

5D1-1.6 SAMPLE COLLECTION USING THE 
PISTON PUMP (HYDROSTAR*) 

Upon arrival at the well head, immediately determine depth-to-water using 
the appropriate tapes, and record the values determined on the field record 
form. 

Wear gloves when taking samples and when handling containers, especially 
those with preservatives added. 

Attaching the Pneumatic Cylinder Assembly 

1. Insert the support for the pneumatic cylinder into the column 
support on the well head assembly.** 

2. Pull the cylinder rod down until it is fully extended and has 
stopped. 

3. Align the eyelet on the top portion of the turnbolt with the clevis 
pin hole on the lower portion of the cylinder rod. 

4. Align the hole on the cylinder support with the column support on the 
well head so that the turnbolt eyelet and clevis pin hole on the 
cylinder rod are aligned when the piston is fully extended. 

5. Insert the clevis pin through one of the intersecting pairs of holes 
on the column support and clip a hitch pin into the holes in the 
small end of the clevis pin. 

6. Check the alignment on the turnbolt eyelet with the hole on the 
cylinder rod. The alignment must be nearly perfect, neither too 
high nor too low. 

7. Adjust by rotating the turnbolt clockwise or counter-clockwise. 

*Hydrostar is a trademark of Instrumentation Northwest, Incorporated . 
**When inserting the cylinder support into the column support on the pump 

assembly, at least two holes on the cylinder support must overlap with two 
holes on the column support. If less than two holes overlap, use the extension 
supplied with the Hydrostar pneumatic cylinder. Align the pumping system in 
the same manner as described above. 
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Operating the Pneumatic Cylinder 
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1. Attach either the purging hose (large diameter) or the Teflon 
sampling hose to the outlet on the discharge tee of the sampling 
pump. 

2. Attach the quick-connect on the supply hose to the unattached end of 
the control valve on the pne~matic cylinder. The input air pressure 
should not exceed 120 lbf/in . 

3. Turn on air supply to the control valve. 

4. Turn on the control valve on the pneumatic cylinder . The piston will 
begin to operate. 

5. Adjust stroke rate to no more than 60/min. (If the pneumatic 
cylinder assembly is not operating correctly, and the problems are 
not caused by the well or the pump in the well, the well may be hand 
pumped as described in "Manual Operations"). The stroke speed of the 
pneumatjc cylinder can be adjusted with the control valve located on 
the top of the pneumatic cylinder. A stroke is defined as one 
downward and one upward extension. 

6. Pump the well until the pH, temperature, and specific conductivity 
have stabilized. 

Sampling With Pneumatic Piston Assembly 

1. Slow down the pumping rate until the piston operates smoothly. This 
rate will be less than 10 strokes per minute. 

2. Attach the Teflon sampling hose and purge at this rate for a minimum 
of 2 min. 

3. Proceed with sampling all unfiltered samples . 

4. Attach the filter assembly and purge the filter. If too much 
pressure is exerted across the filter the membrane will rupture, 
usually resulting in a popping noise. If this happens, replace the 
filter and restart the filtering procedure. 

5. Dismantle the pneumatic pumping assembly as described below. 

Removing the Pneumatic Pumping Assembly 

1. Disconnect the air supply at the pneumatic cylinder. 

2. Disassemble pneumatic cylinder in reverse order of steps 1 through 
7 in the section "Attaching the Pneumatic Cylinder Assembly." 

3. Replace well cap over top of well head. 
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1. Insert the handle support into the column support on the pump head 
assembly so that at least two holes on the handle support overlap two 
holes on the column support. 

2. Slide the clevis pin through one of the intersecting pairs of holes 
on the column support. 

3. Clip the hitch pin into the hole in the small end of the clevis pin. 

4. Remove the turnbolt on the top of the rod at the well head. 

5. Attach the turnbolt on the end of the wire rope that is attached to 
the handle assembly onto the threaded rod at the top of the well 
head . 

6. Lift the handle so that the flat edge of the cam nearest the shackle 
is approximately parallel with the ground. 

7. Pull all the slack out of the wire rope. 

8. Using either an adjustable or a 9/16-in. open-end wrench, tighten 
both nuts on the shackle until the sheath on the wire rope is 
compressed, remembering to keep all the slack out of the wire rope. 

Manual Well Sampling 

1. Attach either the purging hose (large diameter) or the Teflon 
sampling hose (small diameter) to the outlet on the discharge tee 
of the sampling pump. 

2. Begin pumping the operating handle with smooth, even strokes. For 
best performance, use 20 to 45 strokes per minute for purging the 
well. Use less than 10 strokes per minute during sampling. When 
the filter assembly is attached, special attention is required to 
prevent rapid buildup of pressure across the filter. If too much 
pressure is exerted across the filter the membrane will rupture, 
usually resulting in a popping noise. If this happens, replace the 
filter and begin sampling for the filtered sample according to the 
written procedure. 

3. When sampling is completed follow the direction below to disassemble 
the handle assembly from the well head. 

Removing the Handle Assembly--Disassemble the handle assembly in reverse 
order of steps 1 through 8 in the section "Manual Operations." 
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5D1-1.7 SAMPLE COLLECTION USING 
TEFLON BAILER 
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Unclasp the metal bailer from the winch line and replace it with the 
Teflon bailer. 

Disengage the winch clutch and slowly lower the bailer into the water. 

Engage the winch clutch when the bailer strikes the water surface. 

Allow about 30 s for the sample tube to fill. 

Turn the electric winch and slowly raise the Teflon bailer to the surface. 

Lower and rinse the bailer twice before collecting a sample. 

Unscrew the cap of the sample container, being careful not to touch the 
lip of the bottle or the inside of the Teflon liner. Avoid touching the mouth 
of the Teflon bailer. 

Unclasp the Teflon bailer. 

Pour the water from the bailer into the sample container slowly to prevent 
trapping any air bubbles. Avoid splashing or agitating the water while the 
sample container is being filled. 

5D1-1.7.1 Teflon Bailer Cleaning Procedure 

Wash the inside and the outside of the bailer with a mild mixture of 
nonphosphate detergent soap and water. 

Rinse the bailer with tap water and then distilled water. 

Store the bailer in a sealable plastic bag between uses. 

5D1-1.8 GENERAL SAMPLE COLLECTION 
PROCEDURE 

Unscrew the cap from the sample container, being careful not to touch the 
lip of the bottle or the inside of the Teflon liner. Also avoid touching the 
mouth of the discharge line. 

Fill the sample bottle slowly by placing the outlet tube against the 
inner side of the sample bottle to prevent trapping any air bubbles. Avoid 
splashing or agitating the water while the bottle is being filled. 

NOTE: For those bottles requiring no headspace, the bottle should be filled 
completely so that a meniscus forms. Cap the bottle immediately, 
turn it upside down, tap it a few times, and check for air bubbles 
in the sample. If a bubble exists, discard the sample and repeat the 
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sampling procedures until an air-free sample is obtained. There is 
an exception to this if the bottle to be filled contains a 
preservative, in which case only one attempt will be made to obtain 
an air-free sample. 

As each container is filled, attach a sample seal to it and place it in 
a cooler or ice chest. 

Survey the sample container with a Geiger-Mueller instrument. If the 
count is greater than 200 c/min, record it on the field record form. Contact 
the Environmental Monitoring supervisor for instructions concerning where the 
sample is to be taken. 

Turn off the air compressor. 

Turn the power switch off and then turn the generator off. Unplug the 
power cord. 

Complete the chain-of-custody and sample-analysis request forms. 

Deliver the sample to the appropriate laboratory for analysis as soon as 
possible, following chain-of-custody procedures. If it cannot be delivered 
to the laboratory the same day, store the sample in a refrigerator located 
inside a locked building or within a secured area. The refrigerator must 
maintain a constant temperature of 4 °C {39 °F). Leave the cooler for use 
when the samples are delivered. 

5D1-1.9 FIELD MEASUREMENTS 

5D1-1.9.1 Water-Level Measurement Procedure 

Water-level measurements are taken each time a well is sampled, before 
it is purged. These measurements are taken as depth to water from the top 
of the well casing, and are read to ±0,01 ft agreement. They must be 
subtracted from the surveyed elevation of the casing to obtain the elevation 
of the water table. The water table elevations obtained for all wells in 
the sampling network during a particular sampling episode can be used to 
produce a contour map showing the groundwater surface at the time that the 
measurements were made. These contour maps can be used to help characterize 
the groundwater flow system and to ensure that the sampling network is 
adequate. 

Graduated steel measuring tapes are more accurate than electrical tapes 
and so should be used for official measurements, particularly in areas where 
a low hydraulic gradient exists such as the Grout Treatment Facility site. 
However, an electrical tape can be used to determine the approximate depth 
to water. 
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Equipment--The following equipment will be needed: 

• Steel measuring tape with attached weight 

• Blue carpenter's chalk 

• Electrical tape 

• Engineer's measuring tape 

• Field record forms. 

Graduated Steel Tape Method 

DOE/RL 88-27 
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1. Chalk the 1-ft section of steel tape below the zero reading point. 

2. Find the elevation of the measuring point and the estimated water 
level from Hanford well information, or use an electric tape to 
find the approximate depth to water. 

3. Lower the steel tape from the well's measuring point (marked with 
paint on the top of the casing) to the estimated water level. Note 
the amount of tape that is in the well by reading the tape at the 
measuring point. This value is referred to as the 'hold point.' 

4. Remove the steel tape and check the wetted portion below the zero 
reading point. 

NOTE: If the chalked portion is not wet, repeat the procedure, but allow 
more of the tape to go down the well (i.e., use a greater hold 
point). 

5. Add the unwetted length of the chalked portion of the tape to the 
hold point value to obtain the depth-to-water measurement. 

6. If the chalked portion is not wet, repeat until the water level is 
marked on the chalked portion of the tape. 

7. Repeat the procedure until two steel tape measurements agree within 
±0.02 ft. 

8. Record the depth-to-water measurements, time of measurements, 
measuring device identifying number, and the name of the person 
taking the measurements on the field record form. 

Electric Tape Method 

1. Lower the electric tape from the measuring point into the borehole 
until the buzzer and the light indicate contact with the water. 

2. Mark the electric tape at the measuring point and identify the 
nearest graduation on the electric tape. 
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3. If the water level is deeper than the nearest graduation marked on 
the tape, add the difference to the depth identified to obtain the 
true depth to water. 

4. If the water level is shallower than the nearest graduation marked 
on the tape, subtract the difference from the depth identified to 
obtain the true depth to water. 

5. Record the depth to water measurements, time of measurements, 
measuring device, and the name of the person taking the measurements 
on the field record form. 

NOTE: This measurement should be used only as an approximate depth to 
water, because the electric tape is less reliable than the steel 
tape. 

5D1-1.9.2 Temperature Measurement 
Procedure 

Temperature measurements are taken during and after purging of the well, 
just before sample collection. Measurements taken during purging are used 
to help ensure that the well bore has been sufficiently evacuated, as 
indicated by stabilization of the temperature (the pH and conductivity are 
measured at the same time for the same reason.) The temperature is considered 
stable when two consecutive measurements agree within 0.2 °C. The final 
temperature measurement is taken just before sampling and is recorded as an 
analytical value for the sample. The digital thermometers are checked 
regularly against a standard thermometer for accuracy. 

Equipment--The following equipment will be needed: 

• Digital thermometer 

• Field record forms. 

Temperature Measurement Procedure 

1. Turn on the digital thermometer. Make sure that the switch is 
positioned so that the measurements will be in degrees centigrade. 

2. Place the probe into the stream of water being discharged from the 
pump. 

3. The temperature is indicated by a flashing display, which will 
normally fluctuate for a few seconds. Wait until fluctuation ceases 
(i.e., until the same temperature is indicated on three consecutive 
flashes) and then record the temperature on the field record form. 
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501-1.9.3 Conductivity Calibration and 
Measurement Procedures 
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Conductivity measurements are taken during and after purging of the well, 
just before sample collection. Measurements taken during purging are used 
to help ensure that the well bore has been sufficiently evacuated, as 
indicated by stabilization of the conductivity. The pH and temperature are 
measured at the same time for the same reason. Conductivity is considered 
stable when two consecutive measurements agree within 10 µmhos. The final 
conductivity measurement is taken just before sampling and is recorded as an 
analytical value for the sample. The conductivity meter should be calibrated 
daily, before it is taken to the field to begin sampling. 

Eguipment--The following equipment will be needed: 

• Conductivity meter 

• Distilled or deionized water 

• Small screwdriver 

• Standard solution 

• Field record forms. 

Conductivity Calibration Procedure--Internal Standard 

1. Empty the sample cup on the meter. Rinse it out with distilled or 
deionized water. Dry the cup thoroughly. 

2. Turn the range switch to TEST. 

3. Press the OPERATE button. 

4. Use the small screwdriver to adjust the CALIBRATE until the meter or 
display reads 8. 

NOTE: This is to be done as a rough calibration or battery check. 

Conductivity Calibration Procedure- -Standard Solution 

1. Empty the sample cup. Rinse it out with distilled or deionized 
water. 

2. Fill the cup with standard solution. 

3. Turn the MODE switch to conductivity. 

4. Turn the RANGE selector switch to the correct range for the standard 
solution. 

5. Press the OPERATE button. 
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6. Use the small screwdriver to adjust the CALIBRATE until the meter or 
display reads the solution value. 

NOTE: Do not return the conductivity standard solution to the container. 
Always discard it. 

Conductivity Measurement Procedure 

1. Check that the conductivity meter is properly calibrated by using the 
internal standard. Record the conductivity meter identifying number. 

2. Remove the cap from the sample cup. 

3. Rinse the cup several times with the water to be tested. Then fill 
the cup with the sample. 

4. Turn the conductivity RANGE switch to the correct range. 

Range in µmhos 

Xl . 0 - 10 
XlO. 0 - 100 

XlOO. 0 - 1,000 
Xl,000. 0 - 10,000 

5. Turn the MODE switch to CONDUCTIVITY. 

6. Press the OPERATE button on the side of the meter. 

7. Read the conductivity on the digital display to the nearest µmho and 
record on field record form. Multiply the meter reading times the 
scale factor to obtain the correct placement of the decimal point. 

8. After taking the reading, dump the sample and refill the cup with 
distilled water. 

9. Replace the cap. 

501-1.9.4 pH Calibration and 
Measurement Procedure 

Measurements of the pH are taken during and after purging of the well, 
just before sample collection. Measurements taken during purging are used 
to help ensure that the well bore has been sufficiently evacuated, as 
indicated by stabilization of the pH (conductivity and temperature are 
measured at the same time for the same reason). The pH is considered stable 
when two consecutive measurements agree within 0. 2 pH un i ts. The final pH 
measurement is taken just before sampling and is recorded as an analytical 
value for the sample. The pH instrument is calibrated daily, before it is 
taken to the field for sampling. 
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Eguipment--The following equipment will be needed: 

• pH meter 

• Distilled or deionized water 

• Small screwdriver 

• Buffer solutions 

• Field record forms. 

pH Calibration Procedure 

1. Wash the meter's sample cup with distilled water. 

2. Fill the cup with 4.0 buffer solution. 

3. Turn the MODE switch to pH. 

DOE/RL 88-27 
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4. Press the OPERATE button. Use the small screwdriver to adjust the 
ZERO to make the display read 4.0 pH on the upper meter scale or on 
the digital display. 

5. Discard the buffer solution. Wash the cup twice with distilled or 
deionized water. 

6. Fill the cup with 10.0 buffer solution. 

7. Adjust the SLOPE to make the display read 10.0 pH. 

8. Rinse the cup again and refill it with 4.0 pH buffer solution. 
Recheck the 4.0 pH value and adjust the ZERO if necessary . 

Single Buffer Calibration 

1. After the SLOPE is calibrated the first time each day, it may be left 
alone for subsequent calibration. Recheck the slope as desired. 

2. Calibrate with a buffer solution that is close to the range of 
interest. If the process pH is from 6.0 to 9.0, use a 7.0 buffer 
solution for single-point calibration. 

3. With the buffer solution in the cup, recalibrate only the Standard 
(STD) to make the display read the desired value. 

NOTE: Do not return buffer solutions to their containers . Always discard 
them. 
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pH Measurement Procedure 
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1. Ensure that the pH instrument is properly calibration. 

2. Remove the cap from the sample cup. 

3. Rinse the cup several times with the water to be tested. Then 
fill the cup with the sample. 

4. Turn the MODE selector switch to pH. 

5. Press the OPERATE button on the side of the meter. 

6. Read the pH on the upper meter scale or on the digital display to the 
nearest tenth of a unit . Record the value on the field record form. 

7. Dump the sample and refill the cup with distilled water. 

8. Replace the cap. 

5Dl-2.O CHAIN-OF-CUSTODY PROCEDURES 

To ensure the integrity of the samples from the time of collection 
through data reporting, the history of the custody of each sample will be 
documented according to these procedures. A sample is considered to be under 
a person's custody if it is in any of the following stages: (1) in his 
physical possession; (2) in his view after he has taken possession; 
(3) secured by him so that no one can tamper with the sample; or (4) secured 
by him in an area that is restricted to authorized personnel. Anyone having 
custody of samples must comply with the procedures described below. 

5Dl-2.l DELIVERY PROCEDURES 

Sample Labels--Fill out and affix gummed paper labels to the sample 
containers before or at the time of sample collection. The well number 
noted on the label identifies the well location where the sample was 
collected. An example sample label is shown on Figure 5Dl-l. 

Sample Seals--Attach gummed paper seals to the samples immediately upon 
sample collection, before the samples leave your custody. Attach the seal in 
such a way that the sample cannot be opened without breaking the seal. 

Field Record Form--Record (in black ink) all pertinent information about 
each sample collected on a field record form and insert into a logbook . It 
will be a bound book with consecutively numbered pages. An example field 
record form is shown in Figure 5Dl-2. 

Chain-of-Custody Form--A chain-of-custody form will accompany all samples 
from the time they are collected until they are disposed of after analysis and 
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(list of analyses) 

LAB:-------

Figure 501-1. Sample Label. 
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reporting. A single form will be used for as many samples as possible. The • 
form to be used is shown in Figure 5D1-3 . Each person who handles the sample 
and signs the form will return a copy of the form to the company contact whose 
name appears on the top line. 

Sample-Analysis Request Form--The U.S. Testing Company, Incorporated, 
requires that a sample-analysis request form accompany all samples delivered 
to the laboratory. The field portion of the form will be completed by the 
sample collector; the laboratory portion will be completed by laboratory 
personnel. An example sample-analysis request form is shown in Figure 501-4. 

Normally, samples are delivered directly to the laboratory on the day 
of collection. If they cannot be delivered on the day of collection, they 
must be stored in a refrigerator in a locked building (no shipping of the 
samples will be necessary, because of the laboratory's proximity to the 
site) . All samples will be accompanied by a chain-of-custody form and a 
sample -analysis request form . Deliver samples only to authorized laboratory 
personnel. 

5D1-2.2 LABORATORY ACCEPTANCE PROCEDURES 

The chain of custody does not end at the laboratory door ; the laboratory 
must ensure the continuity of its record by following these procedures: 

Receiving Department 

1. Remove the sample cooler from the delivery vehicle and bring it 
into the receiving area. 

2. Check the sample cooler for any obvious damage. 

3. Sign the chain-of-custody and sample-analysis request forms. 

4. If you transfer custody of the cooler to one or more intermediates 
before it is delivered to the sample custodian, the chain-of-custody 
form must reflect every change of custody. 

Sample Custodian--When the sample cooler is delivered to you (or your 
designated alternate), sign the chain-of-custody form. Then return one copy 
to the sender and retain the remaining copies. The sample cooler is now your 
responsibility (or that of your designated alternate) . You must now log in 
the samples. 

1. Examine the sample coolers. On the sample log - in form (Figure 5D1-5), 
record the following: 

• Presence/absence of custody seal(s) on the samples and cooler 

• Condition of custody seal(s). 
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U.S. TESTING COMPANY-RD SAMPLE LOG-IN FORM 

DATE: 

TIME: 

COOLER ID 
CLIENT SAMPLE ID 
usTa-RD ID : 
NUMBER OF BOTTLES IN COOLER 
IS CHAIN OF CUSTODY FORM PRESENT? 
CHAIN OF CUSTODY NUMBER 
IS SAMPLE ANALYSIS REQUEST FORM PRESENT? 

* 

* 

IS THE CUSTODY SEAL ON THE COOLER INTACT? 

ARE THE CUSTODY SEALS ON THE BOTTLES INTACT? 

DOE/RL 88-27 
Re_v. 1, 01/17 /90 

* DO THE SAMPLE LABELS AGREE WITH THE CHAIN OF CUSTODY SHEET?: 

* 

* 

DO THE SAMPLE LABELS AGREE WITH THE SAMPLE ANALYSIS 
REQUEST SHEET? : 

IF ANSWER IS 'NO', PLEASE EXPLAIN BELOW IN DETAIL. 

SAMPLES LOGGED IN BY: ------------

REVIEWED BY SAMPLE CUSTODIAN: --------

a = U.S . Testing Company 

Figure 5D1-5. Sample Log-In Form. 
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2. Open the sample coolers, examine the sample documents, and record • 
on the sample log-in form whether chain-of-custody form(s) are 
present. 

3. Remove sample containers and record on sample log-in form the 
following: 

• Condition of samples (intact, broken, leaking, etc.) 

• Presence/absence of sample labels and sample seals 

• Any discrepancy with chain-of-custody form(s). 

If discrepancies are found, contact the sender for clarification. 

4. Once all samples have been properly logged in, send a copy of the 
sample log-in form to the company contact named on the 
chain-of-custody form. 

5. Use an internal numbering system for identification of all samples . 

6. Assign internal numbers to the samples and record the numbers on the 
sample log-in form alongside the corresponding sample number assigned 
by the collector. 

7. Place the properly labeled sample containers in the secure storage 
area. 

5D1-3.0 ANALYTICAL METHODS 

This section includes the preservation techniques, analytical methods 
used, and the current detection levels for the following listed indicator 
constituents and parameters: 

Constituent/parameter 
Collection ang 

preservationa, 

Total organic halogen G, H2S04 to pH<2 

Total organic carbon AG, H3P04 to pH<2 

Specific conductance Field measurement 

pH Field measurement 

Arsenic P, HN03 to pH<2 

APP 501-22 

Methodsc 

SW-846, #9020 

SW-846, #9060 

Described in 
Section 501-8.3 

Described in 
Section 501-8.4 

SW-846, #7060 

Detection 
limit (p/b) 

20 

1,000 

5 
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Constituent/parameter 

Chromium 

Selenium 

Collection ang 
preservationa, 

P, HN03 to pH<2 

P, HN03 to pH<2 

Methodsc 

SW-846, #6010 

SW-846, #7740 

ap = Plastic, G = Glass, AG= Amber Glass. 
bAll samples will be cooled to 4 °C upon collection. 

DOE/RL 88-27 
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Detection 
limit (p/b) 

10 

5 

csW-846 refers to Test methods for the Evaluation of Solid Waste: 
Physical/Chemical Methods, SW~846, 3rd ed., U.S. Environmental Protection 
Agency, Washington, D. C., revised November 1986. 

Special Constituent--Technetium-99 is separated from the actinides, 
lanthanides, alkaline earths, transition metals, radium, lead, etc., by an 
iron hydroxide precipitation at pH= 10.0 followed by a carbonate precipitation. 
Technetium stays in the supernate as the Tco4- ion. The solution containing 
technetium is passed through Bio -Rad* lx4 (100-200) mesh, anion-exchange resin 
(Cl-form) in O.lM HN03. Technetium is adsorbed on the column, and all other 
interfering nuclides pass through. Technetium is finally eluted with 6M HN03, 
and the eluate is evaporated almost to dryness below 90 °C. Technetium is 
counted by liquid scintillation spectrometry . 

5D1-4.O QUALITY ASSURANCE/QUALITY CONTROL 

Quality Assurance--Quality Assurance (QA) for groundwater monitoring will 
be conducted in accordance with approved QA procedures. A QA plan describing 
the manner in which specific QA requirements are to be met will be prepared 
before work proceeds past the planning stages. 

Quality Control--Quality Control (QC) will be conducted in accordance 
with approved QC procedures. The purpose of this effort is to determine and 
document the quality of the analytical results being produced by the laboratory 
and to institute corrective actions as needed. The QC effort has two main 
components: (1) routine internal checks performed by U.S. Testing Company, 
Incorporated, and (2) external checks conducted by Pacific Northwest Laboratory 
to independently evaluate U.S. Testing Company performance. The scope of these 
efforts is described in the following paragraphs. 

U.S. Testing Company Internal and External Quality Control--Internal QC 
at U.S. Testing Company includes general practices applicable to a wide range 
of analyses, as well as specific procedures stipulated for particular analyses. 
Pacific Northwest Laboratory will use both interlaboratory comparisons and 
spiked, replicate, and blank samples in evaluating the accuracy of results 
from U.S. Testing Company. The purpose and scope of each of these are listed 
below. 

*Bio-Rad is a trademark of Bio-Rad laboratories. 
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Interlaboratory comparisons using field samples are conducted to determine • 
if the results obtained by the primary laboratory, U.S. Testing Company, are 
comparable to those obtained from other laboratories. Comparisons currently 
are being conducted for anions, volatile organics, and metals. Each month, 
replicate samples from selected wells are delivered to different laboratories 
(usually within Pacific Northwest Laboratory), and the results are compared with 
the results from U.S. Testing Company. 

Spiked samples are submitted to U.S. Testing Company to estimate the bias 
of analytical laboratory procedures and to determine when this bias exceeds 
control limits. Two types of spiked samples sometimes used are blind, spiked 
samples prepared by Pacific Northwest Laboratory and spiked samples prepared 
under an established multilaboratory comparison program. Blind, spiked samples 
containing metals, anions, herbicides, pesticides, and volatile organic 
compounds (e.g., halomethanes) have been submitted quarterly since January 
1986. These samples were prepared by Pacific Northwest Laboratory with 
materials supplied by Environmental Resource Associates. Additional spiked 
samples prepared with materials supplied by the U.S. Environmental Protection 
Agency were added in June 1986. The constituents included are ammonium ion, 
cyanide, acid/base/neutral compounds, and an expanded number of pesticides and 
volatile organic compounds. The performance of various analyses, including 
analyses for semivolatile organics, thiourea, phosphoric pesticides, ethylene 
glycol, sulfide, and perchlorate, will be monitored. Numbers and types of 
spiked samples will be modified as needed to ensure that introduced biases are 
identified. 

Replicate analyses of field samples are conducted sometimes to establish 
how much variability might be expected in the laboratory measurements performed 
on nearly identical samples. Trip blanks will be submitted to U.S. Testing 
Company to determine whether environmental conditions encountered during 
collection and transportation of samples have affected the results obtained by 
analysis. The trip blank is analyzed for volatile organics. 
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The approach used for establishing background values consists of 
quarterly sampling of upgradient wells 299-E25-25 and 299-E25-32. The 
location of these wells is shown on Plate 5-1 (Appendix SE). Sampling is 
conducted in March, June, September, and December during the background 
characterization period (a minimum of 1 yr) and semiannually thereafter. 
For each of the indicator parameters specified in Section 5.3.2 . 4, four 
replicate measurements are obtained from each sample collected from the two 
wells during each quarter and are submitted for chemical analysis. Results 
from each sampling period are placed in an electronic data base and presented 
in the format indicated by Figure 502-1. 

Constituent code: xx Constituent name: xx Analysis units: xx Detection 1 imit:x 

Well 
number 

Sample Sample Sample Sample Coeff. of 
Date #1 #2 #3 #4 Mean Variance variation 

xxx-xxx-xx xx-xx-xx x.xx 
etc. 

x.xx x.xx x.xx x.xx 

Constituent code: xx Constituent name: xx Analysis units: 

Well Sample Sample Sample Sample 
number Date #1 #2 #3 #4 Mean 

xxx-xxx-xx xx-xx-xx x.xx x.xx x.xx x.xx x.xx 
etc. 

x.xx xx.xx 

.xx Detection limit:x 

Coeff. of 
Variance variation 

x.xx xx.xx 

Figure 5D2-1. Format for Reporting Results of Sample Analyses. 

At least four quarters of data are used to establish background values. 
Quarterly background summary statistics (mean, variance, standard deviation, and 
coefficient of variation) are calculated for each well during each quarter of 
the background characterization period. The methodology for averaging the 
replicates depends on the distribution of data and whether any of the four 
replicate measurements are less than the detection limit values. At the end 
of the background characterization period, comparison background summary 
statistics will be established in a similar fashion by pooling all the quarterly 
arithmetic mean values from each well . 
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Because there is a potential for upgradient sources {i.e., the B Pond) to 
cause transient changes in groundwater quality, it may be necessary to 
continuously reevaluate and modify background values. After the background 
characterization period, sampling from the upgradient wells will be conducted 
semiannually throughout the active life of the facility and during the post
closure care period. 

The historical background values will be compared with upgradient data 
collected subsequently using the appropriate t-test. If the t-test indicates 
a significant change {increase or decrease) in the concentration of an indicator 
parameter, then additional samples will be obtained from each well. Chemical 
analyses will be performed on each sample and the statistical comparisons with 
background values will be recalculated. One of two courses of action will 
result. 

• If the differences can be attributed to laboratory or sampling error , 
continued monitoring of the upgradient wells will be performed on a 
semiannual frequency. 

• If the differences cannot be attributed to either laboratory or 
sampling error {i .e ., the statistical tests indicate a significant 
change in concentration in the upgradient wells), the sampling 
frequency wi l l be increased from semi annually to quarterly or monthly. 

If background values have changed significantly, then these concentrations 
may be modified since the historical data are unrepresentative of current 
upgradient conditions. The recommended method for modifying the background 
values is to combine the historical data and the recent data using a moving 
average. The specific methods for computing the moving average will be based 
on the site-specific hydrogeologic and engineering conditions. 

502-1.0 CHECKING THE DISTRIBUTION 

Different population distributions affect which particular method is used 
for calculating the background summary statistics. Therefore, it will be 
necessary to check the reasonableness of any assumptions concerning the 
distribution of data. It is probable that the data will be distributed 
normally, but this assumption will be verified. The validity of calculating 
background summary statistics {Cohen's method) and subsequent statistical 
testing {i.e., t-test) depends on this assumption. 

Statistical goodness-of-fit tests generally require a data set with a 
substantial number of data values in order to have enough statistical power to 
discriminate among distributional types. The background data sets are not large 
enough for reasonable performance of a goodn~ss-of-fit test. Thus , a graphical 
approach , which compares the empirical distribution of the data with a standard 
normal, will be used to examine the distributional shapes . If background data 
sets are large enough, the Shapiro-Wilk's W-statistic {Shapiro and Wilk 1965) 
will be used to test the null hypothesis that the data values are a random 
sample from a normal distribution with unspecified mean and variance. 
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502-2.0 CALCULATING QUARTERLY BACKGROUND SUMMARY STATISTICS 

The method of calculating quarterly background summary statistics depends 
on the presence of any data value reported as less than (LT) the limit of 
detection (DL). Three possible cases and the references providing the 
necessary methods for calculating background summary statistics are provided. 
The symbols denoting these quarterly background summary statistics are given 
below: 

Xb , i j k 

-
Xb, i j 

2 Sb . . 
, l J 

cvb • · , l J 

= concentration measurement from the ;th background well, the 
jth sampling period, and the kth replicate measurement, 
where i = 1 to nb (the number of background wells) , j = 1 
to ob (the number of sampling period), and k = 1 to Pb (the 
number of replicate measurements), 

= average of the replicates (xb ijk) for the ;th background 
well during j th sampling period, 

= variance amonq the replicates for the ; th background well 
during the jtn sampling period, and 

coefficient of variation (expressed as %) among the 
replicates for the ;th background well during the jth 
sampling period. 

Note that the first subscript, b, denotes background. 

502-2 . 1 NO 'LESS-THAN' VALUES 

The first case is that none of the values are less than the limit of 
detection. This is the simplest case, and summary statistics are computed 
with the traditional methods for calculating sample mean, sample var iance, and 
sample coefficient of variation from the replicate data. The formulas are 
given as: 

-
xb . . 

, l J 

2 
Sb .. 

' l J 

t xb .. k / Pb k , l J 

- 2 t ( xb . . k - xb .. ) / ( pb - 1) k ,lJ ,lJ 

cvb .. = ( Sb .. / xb .. ) * 100 , lJ ,lJ ,lJ 

5D2-2.2 ALL 'LESS THAN' VALUES 

In the second case, all of the values measured for a particular parameter 
are below the limit of detection. In this situation, the distribution of the 
data is completely unknown, and there are no unbiased methods available for 
estimating the mean , variance, and coefficient of variation. Therefore, the 
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censored values are replaced by the detection limit value a{ the mean • 
concent~ation from the ; th background well sampled on the j h sampling period 
(i.e . , xb ij = Dlb ;j). Other summary statistics (variance, standard deviation, 
and coefficient of ' variation) will not be provided since their values will be 
zero. 

Replacing censored values by the detection limit provides a biased 
estimate, and if this situation arises with an indicator parameter, an 
alternate parameter should be selected if possible. 

5D2-2.3 SOME 'LESS THAN' VALUES 

This case is by far the most complicated. Here, some of the data values 
are less than the detection limit, and some of the values are greater than the 
detection limit. If the data are distributed normally, Cohen's method (Cohen 
1961) will be used to calculate the summary statistics. Otherwise, an 
underlying log-normal distribution will be assumed, and the summary statistics 
will be calculated using the log-normal maximum likelihood estimator method 
for censored data (Sarhan and Greenberg 1962). The log-normal distribution is 
the most reasonable assumption, next to the normal, for characterizing 
contaminants in the environment (Michels 1971; Waite and Denham 1974). The 
Sarhan and Greenberg method has been proven superior to other methods for 
estimating su mmary statistics from a non-normal population when some data 
below the limit of detection are present (Gilliom and Helsel 1986). 

The following formulas describe the Cohen's method to obtain the quarterly 
summary statistics when the data are a mixture of values that are greater than 
or equal to a li mit of detection and values that are less than a limit of 
detection. 

(1) Calculate 1b,ij as follows: 

whe re 

xb' .. = L xb' .. k / pb' ,lJ k ,lJ 

s' 2b .. = L ( xb' .. k 
, lJ k ,lJ 

xb' . . ) 2 I ( pb' - 1) ,lJ 

Dlb . . = 
, 1 J 

xb · ' k ' 1 J 

detection limit for measurementst~rom the ; th 
background well sampled on the j sampling period 

measurements above or equal to detection limit 

number of measurements above or equal to the 
limit of detection 

s ' b2 .. / ( x'b .. - Dlb .. )2 
,lJ ,lJ ,lJ 
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Obtain values for hb .J. and >- b .. as follows: 
, 1 , 1 J 

hb .. 
'l J = 

proportion of the replicate measurements below the 
detection limit at well ion sampling period j 

>tb •. ,lJ = a parameter estimate obtained from entering Table 2 in 
Cohen (1961) with "f b .. and hb .J .. 

, 1 J , 1 

(3) Compute the quarterly background mean, variance, and coefficient 
of variation as follows: 

- I 

= x b, ij 

,2 
s b .. ,lJ 

2 + >t b .. (x' b .. - Dlb .. ) ,lJ ,lJ ,lJ 

CVb .. = (sb .. / xb .. ) * 100 ,lJ ,lJ ,lJ 

5D2-3.0 CALCULATING COMPARISON BACKGROUND SUMMARY STATISTICS 

The statistics that are used for comparison to determine whether there 
has been a statistically significant increase (and decrease, in the case of 

'pH) in any groundwater contamination indicator parameter in any well are 
referred to as comparison background summary statistics. These statistics are 
calculated at the end of the background characterization period using formulas 
similar to those described in Section 5D2-2.0. The only difference is that the 
input values used to compute these comparison background summary statistics 
are the quarterly background means from each of the upgradient wells (used to 
establish background values), whereas the quarterly background summary 
statistics use the replicate measurements (for the well, i, and sampling period, 
j) as input values. 

The symbols used to denote these comparison background summary statistics 
are given below: 

-
xb = the comparison background sample mean 

s2 b = the comparison background sample variance 

cvb = the comparison background sample coefficient of variation. 

Before calculating these comparison background summary statistics, it is 
important to plot the quarterly replicate averages over time to evaluate 
whether there appear to be seasonal or unusual events. If there are seasonal 
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fluctuations in the groundwater concentration measurements, two methods are • 
available to reduce the adverse effects of seasonally influenced data. 

The first method can be applied when background data for 1 yr are used in 
the analysis. This method simply calls for the seasonal effect to be included 
in the variance estimate (error term) used for the averaged replicate t-test. 
Therefore, comparisons of monitoring well data with the background data will 
not lead to inaccurate contamination assessments because the seasonal variability 
will have been accounted for in the error term. Under this method, the 
difference between the upgradient and downgradient mean must exceed the 
differences expected by seasonal change, to indicate contamination (NWWA 1986). 

The other method requires that the upgradient wells have been monitored 
for more than 1 yr. Under this approach, the background and monitoring data 
are adjusted to reduce the tendency for the data values to become seasonally 
large or small, but retain their original error structure. Details are 
documented in NWWA (1986). 
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Because of the complex nature of the groundwater system and the likeli
hood for change in conditions, a multioption statistical methodology is used 
to detect changes in groundwater quality (Figure 5D3-1). This methodology 
ensures that the statistical test used for comparing monitoring well 
(upgradient and downgradient) ·data collected after characterization of the 
background groundwater quality is the best method for the existing conditions. 
The proposed statistical procedures provide a reasonable balance between the 
probability of falsely identifying a noncontaminating regulated unit (false 
positive) and the probability of failing to identify a contaminating regulated 
unit (false negative). 

Subsequent to the establishment of the background groundwater 
concentrations, the entire monitoring well system is sampled semiannually, in 
March and September. The purpose is to determine whether any well in the 
monitoring system has concentrations that are larger than (or in the case of 
pH, different from) those established during the characterization of 
background groundwater quality. The interim status regulations [40 CFR 265 
Subpart F (EPA 1988b)] require that a Student's t-test be used to determine 
whether there has been a statistically significant increase (and decrease, 
in the case of pH) in any groundwater contamination indicator parameter in 
any well. The t-test used in the analysis of interim status detection 
monitoring shall accommodate the data collected. The hypotheses that will 
be tested are described as: 

( 1) pH 

• The null hypothesis (H0 ) is that the upgradient (UG) value is 
equal to the downgradient (DG) value 

• The alternative hypothesis (Ha) is that the UG value is not 
equal to the DG value (this is a 'two-tailed' test) 

(2) Other parameters 

• The H0 is that the UG value is equal to the DG value 

• The Ha is that the UG value is less than the DG value (this is 
a 'one-tailed' test). 

Key assumptions of the t-test procedures are that the data are 
independently and normally distributed. Independent samples may be obtained 
by allowing an adequate amount of time to elapse (or a sufficient amount of 
water to be pumped) between samples so that the liquid in one sample does 
not influence the liquid in another sample. This appendix describes the 
methods for examining the distributional assumptions . 
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Note that other non-t-test statistical procedures, such as nonparametric • 
tests, which are less dependent on distributional assumptions, generally do 
not satisfy the requirements for interim status detection monitoring. 
However, the permit regulations [40 CFR 264, Subpart F (EPA 1988a)] allow 
the use of nonparametric tests such as the Mann-Whitney test (Conover 1980) 
when comparing downgradient groundwater quality to that of background. 

Checking for Normal Oistribution--As mentioned above, . an underlying 
assumption for the validity of all varieties of the t-test is that the data 
are normally distributed. This assumption is examined before proceeding with 
any of the t-tests. Approaches used to check the downgradient data 
distributional types are similar to those used for the background data (i.e., 
graphical presentation or, less likely, a statistical goodness-of-fit test). 
The details are described in Section 502-2.2 of Appendix 50-2. The replicate 
averages tend to approach a normal distribution because of a fundamental 
statistical principle referred to as the central limit theorem . If the 
distribution should prove to be non-normal, transformations on the data are 
performed or a nonparametric test is used as an alternative to the t-tests 
within the requirements of the regulations . 

Calculating 0owngradient and Upgradient Summary Statistics--The method 
for calculating downgradient and upgradient summary statistics depends on the 
distribution of the data and whether or not any of the four replicate 
measurements are less than detection limit values. The methods are the same 
as that described in Appendix 50-2. In addition, if tne background data have 
been adjusted for the seasonal trend, the data from subsequent monitoring 
events must also be corrected in a similar fashion. The following symbols 
denote the summary statistics calculated after the background characterization 
period: 

x . = average of the replicates from the ; th monitoring well 
m, 1 during e_ach of the subsequent samp 1 i ng periods 

s2 = variance among the replicates for the ; th monitoring m, i well during each of the subsequent sampling periods 

CV . m, l 
= coefficient of variation among the replicated during 

each of the subsequent sampling periods. 

Checking for Equal Variances--At this point, a standard F-test will be 
used to determine if the variance of the background data is comparable to that 
of the downgradient wells. This check is necessary to select the appropriate 
version of the t-test. The assumption of equal variances will be tested by 
calculating 

F = max (s~, s!,i) / min (s~, s!,i). 

That is, divide the larger of the two sample variances by the smaller of 
the two sample variances, where sb2 = the comparison background sample • 
variance (calculated with the procedure described in Appendix 50-2); and 
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s2 . = the sample variance among the replicates for the ith monitoring well 
(~Aiculated with the same procedure as above). 

If sb2 > s2 ., let k1 = nb - 1, and k2 = nm - l ; and if sb2 < sm2 . , let m, l , l 

k1 = nm - 1, and k2 = nb - 1, where nb = number of background samples used in 
determining sb2, and nm= number of replicate measurements (for the i th 

monitoring well) used in determining sm2 .. · 
' l 

The equality is rejected if Fis larger than the tabulated value of F 
(Snedecor and Cochran 1980; F distribution, upper 2. 5 percent points) with 
k1 and k2 degrees of freedom. 

The Averaged Replicate t-Test--If the assumptions of normality and 
equal variances are not rejected, the averaged replicate (AR) t-test is used 
to examine whether there has been a statistically significant increase (and 
decrease, in the case of pH) in any groundwater contamination indicator 
parameter in any well . The AR t-test is a preferred test to apply to the 
interim status detection monitoring data because i t helps to reduce 
statistically caused false positives . The AR t-statistic is calculated as 

where 
-X . = m, l 

-
xb = 

Sb = 

nb = 

Ob = 

average of the replicates from the i th monitoring well in each 
of the subsequent sampling period 

the comparison background sample mean 

the comparison background sample standard deviation 

the number of background wells 

the number of background sampling periods. 

53 The value of t*m i is compared with critical values from the t-
54 distribution that have been adjusted to control the overall false positive 
55 probability for the waste management facility. Critical values (tc) based on 
56 Bonferroni t-statistics (Millikan and Johnson 1984) are used for each 
57 individual comparison to control the overall false positive rate at 1 percent 
58 for the entire facility [note that the 1 percent level of significance is 
59 required in the interim status detection monitoring by 40 CFR 265, Subpart F 
60 (EPA 1988b)]. The values of tc depend on the total number of wells in the 
61 monitoring system and the number of degrees of freedom associated with the 
62 comparison background sample variance . 
63 
64 
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1 The test statistics (t*) computed for each well are compared with the • 
2 Bonferroni critical values (tc) for an overall significance level of 
3 1 percent, using the following decision rules. 
4 
5 (1) For eH, the null hypothesis is rejected if It* I (absolute value 
6 oft) is larger than tc, because there is a statistical indication 
7 that pH has changed. 
8 
9 (2) For other variables, the null hypotheses is rejected if t* is larger 

10 than tc, because there is a statistical indication that the 
11 concentrations are higher in the well under investigation. 
12 
13 The CABF t-Test--In the case of normally distributed data but unequal 
14 variances, Cochran's approximation to the Behrens-Fisher (CABF) t-test will 
15 be used to test for statistical significance (Ostle and Malone 1988). 
16 
17 All summary statistics are cilculated according to previous defined 
18 procedures. The test statistic t is defined as: 
19 

40 
41 
42 
43 
44 
45 
46 
47 
!ij 
50 
51 

69 
70 

* (x . xb) / ~(s~, i (s~ tm, i = - I nm) + I nb) m, 1 

where 
- - 2 nm, and nb are the same as defined previously X . , xb, s . , m, 1 m, l 

and 
2 sb = the comparison background standard deviation. 

This test statistic (t*) is compared to a comparison statistic (tc) that 
is calculated as follows. 

•First, for a 'two-tailed' test find tb and tm from the t-tables (Snedecor 
and Cochran 1980) 

where 

or, for a 'one-tailed' test, 

tb = t(l - a), (nb - 1) 

tm = t ( 1 - a), ( n - 1) 
m 

and Q = 0.01 in a interim status detectirin monitoring program; but Q = 0.05 
in a permitting monitoring program. Critical values based on Bonferroni 
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t-statistics are used for each individual comparison to control the false 
positive rate at l percent (or 5 percent) for the entire facility. This is 
accomplished by replacing (1 - a/ 2) by (1 - a/ 2r) in a 'two-tailed' test, 
and replacing (1 - a) by (1 - a/ r) in a 'one-tailed' test where r = the 
total number of individual comparisons. 

Then, the weights Wb and Wm are defined as 

and 

Wm= sm2 / nm 

and the comparison t-statistic is 

The null hypothesis of equality of means (monitoring well as compared with the 
background means) is rejected if 

(for 'one-tailed' test) 

or if 

I t* I L tc (for 'two-tailed' test). 

The Mann-Whitney Test for a Non-Normal Distribution--The interim status 
regulations [40 CFR 265 (EPA 1988b)] require that a Student's t-test be used 
to determine whether there has been a statistically sigriificant increase (and 
decrease, in the case of pH) in any groundwater contamination indicator 
parameter in any well. It is noted that parametric methods such as the t-test 
give robust to small departures from the normality assumption, particularly 
when the sample sizes are large. 

However, the permit regulations [40 CFR 264 (EPA 1988a)] allow the use 
of alternative statistical procedures when the underlying distribution proves 
to be non-normal. One of the nonparametric alternatives to the two-sample 
t-test is the Mann-Whitney test (Conover 1980). The test is described as 
follows. 

First, all the background observations are combined in a list with the 
observations from the monitoring well in question. Next, the combined 
observations are ranked from smallest to largest, using average ranks in case 
of ties. Let R·, i = 1, 2, . .. , n (n = nb + nm) denote the ranks, from the 
combined list of ranks, of the data from the background wells. The test 
statistic is 
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This test statistic is used when there are no ties, or just a few ties. If 
there are many ties, subtract the mean from T and divide by the standard 
deviation to obtain: 

T1 = [T-nb (n+l)/2]/ ~[nb nm * ~R~ ]/[n(n-l)]-[nbnm(n+l) 2]/[4(n-l)]. 

Critical values (t) corresponding to 'too small' or 'too large' are 
tabulated in Conover (1§80). Finally, the null hypothesis · is rejected if 

or if 

T > tc (too large) 

T > tc (too large) or 
T < -tc (too small) 

('one-tailed' test) 

('two-tailed' test). 
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19.1 Purchase Requisitions and Subcontracts 
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Section No. 19 
Page 1 of 1 

Procurements of items and subcontracted services are governed by PNL-MA-70 
Administrative Procedure PAP-70-401, Preparation, Review, and Approval of 
Purchase Requisitions. 

19.2 Work Orders and Work Package Authorizations 

Work package authorizations {WPAs) or work orders {WOs) to individuals or 
groups outside the project organization must be generated and issued in 
accordance with PNL-MA-70 Administrative Procedure PAP-70-404, Obtaining 

t • Services Via Work Orders. As appropriate (as specified in PAP-70-404), a 
letter of instruction (LOI) or statement of work (SOW) must accompany each WO 
or WPA. A readiness review must be performed by a representative of the PNL 

1 Process Quality Department prior to work described in the SOW/LOI being 
initiated. 

A Request for Analytical Services (RFAS) must accompany all samples submitted 
for analysis under a WO/WPA. The RFAS form is shown in PAP-70-404, Exhibit 
6. An alternate, project-generated RFAS form, may be utilized provided that 
it contains equivalent information. The cognizant Quality Engineer must 
review and sign the first RFAS submitted under each SOW/LOI . 

. Project managers and task leaders have the option of preparing and 
maintaining the Work Order Log required in PAP-70-404 or allowing the log to 

- be maintai~ed at the group or section level by administrative staff . 

APP 504-39 



0 

L 

QA Project Plan OHE-18, Revision 1 

20.0 STAFF TRAINING 
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Section No. 20 
Page 1 of 1 

Staff perfonning activities affecting quality shall be issued documented 
training assignments including applicable administrative and technical 
Procedures and this QA project plan. 

20.1 Training Assignments 

Staff shall be issued training assignments identifying specific training 
needs as specified in PNL-MA-70 Administrative Procedure PAP-70-201, 
Indoctrination and Training, Exhibit 2 and Exhibit 3. Alternate training 
assignment fonns from those shown in PAP-70-201 may be used provided they 
contain equivalent infonnation. 

A copy of the staff member's Training Assignment fonn without completion of 
sign-offs does not need to be submitted to Laboratory Training at the time of 
being issued as specified in PAP-70-201, 4.4.2. 

When each staff member has completed the assigned training, the training 
assignment(s) shall be returned to the cognizant Manager, or designee,• who 
assigned the training. They will sign and date the bottom of the assignment 
indicating that assigned training has been completed, forward a copy to PNL 
Laboratory Training Coordination (LTC), and maintain the original as a 
project record. 

20.2 Briefings and Fonnal Classroom Training 

Briefings and fonnal classroom training must be documented using the Briefing 
Documentation Fonn and Training Attendance Fonn respectively. These fonns 
are shown in PAP-70-201, Exhibit 2 and Exhibit 3. 
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21.0 SOFTWARE CONTROL 

Section No. 21 
Page 1 of 1 

Computer code development, modification, and application activities are 
limited to those associated with the Hanford Ground-Water Data Base (HGWDB). 
These activities shall be performed in accordance with documented software 
Procedures for the Hanford Ground-Water Data Base. 

Formal verification testing is required only for software classified as 
engineering/scientific. 

21.1 Non-HGWDB Software Activities 

, If computer code development, modification, or application not associated 
with the HGWDB is to be performed (e.g., ground-water flow models), a 

0 documented assessment of the impact level of the activity based on the 
criteria contained in PNL-MA-7O Administrative Procedure PAP-70-208, Impact 
Levels shall be performed. If the impact level is determined to be Level I 
or II, the PNL-MA-7O software control Procedures (SCP-7O-312 through -318) 
contained in Volume 1 of the PNL-MA-7O QA Manual shall be applied to the 

_ work. If the impact level is determined to be Level III, the minimum good 
practices for software development contained in the PNL Good Practices 
Standard, PNL-MA-7O, Part 2, shall be applied . 
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Section No. 22 
Page 1 of 1 

For materials found to be in nonconformance with specifications, a 
Nonconformance Report (NCR) must be generated and the item(s) dispositioned 
in accordance with PNL-MA-70 Administrative Procedure PAP-70-1501, 
Nonconfonaance Reports. The Westinghouse Hanford Company Projects cognizant 
engineer, Projects QA Representative, and Geosciences cognizant engineer must 
sign-off on the NCR. Nonconforming data are discussed in Section 11. 

Unplanned deviations from Procedures, plans, specifications, or related 
documents shall be documented using a Deficiency Report (DR) in accordance 
with the requirements in PNL-MA-70 Administrative Procedure PAP-70-1502, 
Controlling Deviations from QA Requirements and Established Procedures. 
Potentially impacted data shall be segregated or flagged pending evaluation 
of the deficiency ' s impact on the data and final disposition of the DR. 

See also Section 11 for handling suspect or unacceptable data and Section 16 
for corrective actions. 
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Section No. 23 
Page 1 of 1 

Distribution and control of this QA project plan shall be performed in 
accordance with PNL-MA-7O Administrative Procedure PAP-7O-2O5, Quality 
Assurance Plans. Because of the large number of projects and staff using 
this plan, its distribution will be controlled by PNL Document Control. 

Modifications to this QA project plan shall be made in accordance with 
Section 4.6 of PNL-MA-7O Administrative Procedure PAP-7O-2O5, Quality 
Assurance Plans, that is, either by revision or by issue of an Interim Change 
Notice (ICN). Any PNL staff member may request an interim change to this QA 
project plan at any time by submitting a Document Change Request (DCR) to the 

0 
Project Manager or Quality Engineer. 

23.2 Technical Procedure Control 

All technical Procedures referenced by this QA project plan are contained in 
PNL-MA-567, Procedures for Ground-Water Investigations. PNL-MA-567 is 

~ distributed and controlled by PNL Document Control. Modifications to any of 
the Procedures contained in PNL-MA-567 shall be performed in accordance with 
PNL-MA-7O Administrative Procedure PAP-7O-6O2, Procedure and Instruction 
Change Control and Change Request. New technical Procedures, whether they 
will be included in PNL-MA-567 or not, must be developed in accordance with 

- PNL-MA-7O Administrative Procedure PAP-7O-11O1, Test Planning, Perfonnance, 
and Evaluation and controlled in accordance with Administrative Procedure 

- PAP-70-601, Document Control. All technical Procedures shall be distributed 
("") and controlled by PNL Document Control . 
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Section No. 24 
Page 1 of 2 

Westinghouse Hanford Company (WHC) has contracted Kaiser Engineers Hanford 
(KEH) to provide drilling and procurement services related to well 
construction. WHC will provide the construction specification to be used for 
well installation. KEH will provide receiving inspection services for 
materials they procure. 

24.1 Geologic Characterization and Inspection Documentation 

Geologic sampling and inspection of well construction must be performed in 
accordance with PNL-MA-567, 00-1 Collection· and Documentation of Borehole 
Samples and Well Construction Data. Initial receiving inspection of 
construction materials will be the responsibility of the organization 
procuring the materials. PNL will not provide such inspection. 

Special sediment samples to be analyzed for chemical parameters or 
potentially contaminated sediments shall be sampled and characterized in 
accordance with PNL-MA-567, 00-4 Contaminated Sediment Sampling. 

PNL-MA-567 Procedure 00-2, Split-Barrel Auger Sediment Sampling, shall be 
followed when performing sampling of sediments for geologic description, 
determination of physical and hydraulic properties, and/or chemical analyses 
using a split-barrel sampler. 

24.2 Modifications to Well Technical Specifications 

The construction specification(s) to be used for ground-water monitoring 
wells are developed, issued, and controlled by WHC. Any modifications to 
these .specifications must be initiated by contacting the WHC Programs 
technical liaison and requesting that WHC change protocols be followed. 

24.3 Geophysical Logging 

Wells will be logged with a gross gamma-ray logging tool after placement of 
each casing, if a log is desired, and upon reaching total depth. If other 
geophysical logging is to be performed, the types of logging to be used will 
be specified in the PMP/WHC Statement of Work. All logging performed for WHC 
must be performed in accordance with PNL-MA-567 geophysical logging 
procedures previously approved by WHC. 

24.4 Monitoring of Well Development 

The monitoring of well suitability during well development for the purpose of 
collecting ground-water samples shall be performed in accordance with PNL-MA-
567 Procedure GC-7, Well Development. 
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24.5 Sediment Sample Analysis 

Section No. 24 
Page 2 of 2 

Physical analysis of sediment samples will be performed in accordance with 
the "SA" sediment analysis Procedures contained in PNL-MA-567. 

24.6 SELECTION OF SCREEN AND FILTER PACK 

The rationale for selection of screen slot size and filter pack sizes for 
wells must be documented by the Well-Site Geologist on the Drill Log form. 

24.7 Hydrologic Testing 

The following PNL-MA-567 Procedures will be used in performing hydrologic 
testing (as appropriate): 

• AT-1, Setting and Instrumenting the Test Pump 
• AT-2, Configuration of Surface Fittings and Monitoring Devices for 

Monitoring Well Development or Hydrologic Testing 
• AT-3, Starting the Pump and Clearing the Borehole of Construction Fluids 
• AT-4, Well Development 
• AT-5, Constant Discharge Test 
• AT-6, Aquifer Slug Injection and Withdrawal Test 

Instrumentation used in aquifer testing shall be controlled in accordance 
with PNL-MA-70 Administrative Procedure PAP-70-1201, Calibration Control 
System, as indicated in Section 9. 

24.8 Nonconformances or Unexpected Conditions 

If unexpected conditions are encountered, or construction activities are not 
in conformance with the construction specifications, or the activities will 
not meet the fitness-for-use objective, the Well-Site Geologist is 
responsible for stopping work and contacting the WHC Projects cognizant 
engineer and the WHC Geosciences cognizant engineer. 

See Section 22 for initiating Nonconformance Reports (NCRs) • 
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Appendix SE contains the following groundwater characterization 
drawings: 

Plate 5-1 Borehole Locations 

Plate 5-2 Water-Table Surface 

Plate 5-3 Environmental Monitoring 
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This document describes the response actions to be taken to address liquid 
in the Leachate Detection/Collection and Removal System (LOCRS) of a grout 
disposal vault. These actions may include modifying operating procedures 
and, when appropriate, notifying the United States Environmental Protection 
Agency (EPA) and the Washington State Department of Ecology (WSOOE). 

2.0 DESCRIPTION OF THE FACILITY 

This section provides a general description of the grout disposal vaults, 
discusses the vault construction, operation, and closure phases, and 
characterizes the waste placed in the vaults. 

2.1 GENERAL DESCRIPTION 

A total of 43 vaults are to be built in the Grout Treatment Facility (GTF). 
These vaults are subsurface concrete structures rectangular in shape as 
shown in Figure 1. Each vault is sized to hold 1.4 Mgal of grout and 0.2 
Mgal of non-radioactive grout cap. The disposal system contains a double 
liner and a leachate detection/collection and removal system (LOCRS). 

The upper composite liner consists of an elastomeric-asphalt coating on a 
reinforced concrete vault structure. Below the vault is the LDCRS which is 
located above a high density polyethylene (HOPE) lined concrete catch basin. 
This lined catch basin serves as the secondary liner. The LOCRS is comprised 
of a drainage gravel layer, collection pipe between the vault and catch 
basin, and a carbon steel sump to hold collected liquid for analysis, and 
removal. 

An additional feature of the vault system is an exterior drainage path located 
on the exterior of the concrete vault. This drainage path corrsists of a 
HOPE liner and geogrid drainage path which serves two functions. The first 
function is to prevent any leachate that may permeate through the vault wall 
from migrating into the diffusion barrier or soil backfill. The second 
function is to prevent any liquid such as rainwater from entering the LOCRS. 

Surrounding the vault on all sides is a diffusion barrier. This barrier is 
composed of asphalt-coated gravel. The diffusion barrier reduces diffusion 
of ionic contaminants . 

APP 7A-3 



STRUCTRUAL 

CD'v'ER BLDCl<S 

GED TEXTILE 

HDPE MEMBRANE 

CATCH BASIN 

DRAINAGE 

'-./AULT 

CATCH BASIN 

DIFFUSION BARRIER 

GROUT DISPOSAL VAULT 

• 

LEACHATE 

LEACHATE PIPING 

LEACHATE SUMP 

@ WESTINGHOUSE NORTHWEST 
ENVIRONMENTAL CENTER 

SCALE : NONE 

JOB NO: NWAX03001 

FIG NO: 1 

:;o 
co 
< 

...... co 

...... co -......._ , 
\.Of'v 
0-...J 

DATE : 12/07 /89 

DRAWN: TRK 

CHECK ED : \NJ fv\ .. ~ .. 

• 



• 

-~ 

• 

OOE/RL 88-27 
Rev. 1, 01/17/90 

If liquid is detected in the LDCRS sump during active filling vault 
operations, it is sampled and can be pumped to the liquid collection tank 
located in the Transportable Grout Equipment (TGE) or other appropriate 
receiver tanks, through excess-water removal piping. After completion of 
vault filling, this LOCRS sump is monitored for any liquid. For a more 
detailed description of the GTF see Chapter 4, of the Part B Permit 
Application. 

2.2 CONSTRUCTION, OPERATION, AND VAULT CLOSURE PHASES 

This section discusses the construction, operation, and closure of grout 
disposal vaults. 

2.2.1 Construction Phase 

Each vault is built in a specific sequence as shown in Figure 2. First, a 
· large excavation is made and the subgrade is compacted. The first layer of 
, diffusion barrier is then placed over the compacted subgrade. Next, the 

concrete catch basin and steel sump are constructed over the diffusion 
barrier. A HOPE liner is installed over the catch basin, and piping for the 
leachate collection system is added. Next, drainage gravel required for 
the leachate collection system is placed over the HOPE liner. On top of 
this catch basin and leachate collection system the vault is constructed. 
The vault is constructed of reinforced concrete and is rectangular in shape. 

An elastomeric-asphalt coating is sprayed on the vault interior. After 
curing and testing of the coating, the vault is hydrotested. Hydrotesting 
includes filling the vault with water while performing a visual examination 
of exterior vault walls for leakage. The leachate collection system is 
monitored for water discharge which could indicate leakage of the vault. 

After passing the hydrotest which has a maximum allowable leak rate of 0.10 
gallons per day and no visible leakage on the exterior vault walls, an 
exterior drainage path is placed on the outside of the vault. This exterior 
drainage path consists of a 60 mil HOPE liner and geogrid attached to the 
vault exterior. 

The next phase of the construction is placement of the diffusion barrier and 
backfill around the vault. At this point in construction, the components of 
the vault such as the precast roof, piping, etc., are placed. 

The final construction phase prior to operation of a vault is placement of 3 
feet of diffusion barrier over the vault roof. On top of this diffusion 
barrier a protective geotextile is placed. At this point, the vault 
construction is completed and the vault is ready for filling, which is termed 
the operation phase . 
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During the construction phase of each vault, liquid from construction water, 
precipitation, and hydrotest water may enter the LDCRS and then into the 
sump. This liquid is removed prior to starting the vault filling (operation 
phase). 

A construction quality assurance (CQA) program is in place to ensure that 
all components of the vaults are constructed in accordance with applicable 
design criteria, drawings, and specifications. For further details of the 
CQA program, refer to Appendix 4G of the Part B Permit Application. 

2.2.2 Operation Phase 

After construction completion, the vault is ready for filling with grouted 
mixed waste. This grouted mixed waste is processed at the TGE and pumped to 
the vault. 

After the grout cures, any excess water is pumped back to the TGE facility. 
• Next, a nonhazardous grout is pumped into the void space between the grouted 

waste and roof bottom. Vault filling, excess water removal, equipment 
removal, and void space filling, is defined as the operation phase. 

The LDCRS sump is monitored continuously during the operation phase to quickly 
detect any liquid rise indicating a potential leak in the vault. Sump liquid 
levels are compared on a daily basis to determine leakage rates. 

2.2.3 Closure Phase 

After filling, excess water removal, equipment removal, and void space filling 
of the second vault of a pair of vaults, a closure cover is placed over the 
vault pair. The closure cover as shown on Figure 3 consists of layers of 
sand, clay, and liners to minimize the amount of water that can reach the 
contents of the vault. 

The LDCRS sump monitoring following vault closure is less intense, as 
discussed in Chapter 11 of the Part B. 

2.3 WASTE CHARACTERIZATION 

The waste managed by the GTF is a concentrated salt solution produced by the 
evaporation of dilute wastes generated by the operating facilities in the 
100, 200, 300, and 400 Areas of the Hanford Site. The waste streams from 
the operating facilities are transferred to the 200 East Area for interim 
storage in underground double-shell tanks (DST). Some of the wastes are 
concentrated to minimize waste volume . 
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The expected range of compositions for these wastes is determined based on 
the sample standard deviation and mean of the composition of three tanks of 
waste currently in storage that are potential grout feed material. The 
wastes stored in tanks 241-AN-103, 241-AN-106, and 241-AW-101 are believed 
to be representative of future grout waste feeds. Refer to Chapter 3 of the 
Part B for details of these tanks' waste compositions. 

The DST waste is classified as an extremely hazardous waste (EHW) due to the 
characteristics of extraction procedure (EP) toxicity and toxicity (book 
method) as defined in WAC 173-303-101. The dangerous waste identification 
numbers associated with these classifications can be found in Chapter 3.0, 
Table 3-4 of the Part B. 

The waste is characteristically corrosive due to the hydroxide concentration. 
The hydroxide concentration is high enough to cause the pH to exceed the 
designation limits of WAC 173-303-090(6). 

The waste is characterized as EP toxic due to the concentrations of chromium, 
lead, cadmium, and silver. The concentrations of these materials exceed the 
designation limits of WAC 173-303-090(8) for EP toxicity. 

The waste is characterized as toxic due to the high concentrations of nitrite 
and hydroxide ions. The book designation method of WAC 173-303-101 classifies 
this waste mixture as an EHW due to toxicity, as measured by equivalent 
concentration (EC) greater than 0.01 and the total weight. For further 
details, see Chapter 3.0 of the Part B. 

3.0 SOURCES OF FLUID WITHIN THE LDCRS 

Liquid from several sources and at different times may enter the LDCRS. 
Sources of liquid are water from construction, dewatering of the concrete, 
precipitation events and leakage from the vault. This liquid will flow in 
the leachate removal system to the sump. At the sump, the depth of any 
liquid will be measured and removed as necessary. The following sections 
describe the various sources of water, pathways, and prevention design 
features. 

3.1 CONSTRUCTION WATER 

This section discusses the potential for construction water from the vault 
construction and closure phases to enter the LDCRS. 

APP 7A-9 

------------------- -- - -



DOE/RL 88-27 
Rev. 1, 01/17/90 • 

3.1.1 During Vault Construction 

During construction of a vault, water can enter the LDCRS and leachate sump 
from several sources. These sources include water used for moist curing of 
the concrete, precipitation falling on the vault structures, leakage into 
the LDCRS and leachate sump during the vault hydrotest, and water used for 
compaction of the backfill. 

This water has many pathways in which it could reach the LDCRS and leachate 
sump prior to completion of protective features such as the exterior drainage 
path. Regardless of the source of water and pathway by which it may reach 
the vault, any pumpable liquid is removed from the leachate sump prior to 
operation. 

3.1.2 During Construction of the Closure Cover 

Construction of the closure cover will produce construction water. 
Construction of the closure cover requires the use of water during placement 
and compaction of the low permeability layers. This water may be a source 
of liquid that could be detected in the LDCRS. 

Any excess water used during the compaction process may migrate downward 
through the cover layers to the roof of a vault. Liquid would run down the 
sloped roof and then down the exterior drainage path. Any water would then 
have to find a defect in the exterior drainage path to reach the LDCRS. 

It is expected that the quantity of liquid reaching the LDCRS during closure 
would be a maximum of 5.5 gpd. See calculations in Appendix A. 

3.2 DEWATERING OF CONCRETE 

Concrete is composed of four major components: coarse aggregate, fine 
aggregate, portland cement, and water. When combined, a chemical process 
(hydration) takes place in which the portland cement sets and hardens into a 
solid mass. 

Complete hydration of a given amount of portland cement requires an amount 
of water equal to about 25 per cent of the portland cement used, by weight. 
An additional 10 to 17 per cent must be present to provide mobility for the 
water in the cement paste during the hydration process. Any water remaining 
in the concrete matrix after the curing process is defined as the moisture 
content. This moisture content will vary depending upon the relative humidity 
of the surrounding air. 

Since the interior of the vault has an aspha1t coating and the exterior 
walls have the exterior drainage path, any excess water in the concrete may 
migrate through the pores in the concrete to either the exterior drainage 
path or the bottom of the vault. 
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It is expected that the maximum rate at which the concrete in the vault 
could release any liquid is 2.2 gpd given that the moisture migration rate 
of concrete is 0.3 grains/hr/ft2. See Appendix A for calculations. 

3.3 PRECIPITATION EVENTS 

Historical weather records have shown that the maximum precipitation expected 
from a 24-hour, twenty-five year storm is 1.56 inches. Ditches have been 
designed for the facility to prevent storm water run-on from reaching the 
vaults (see Run-on/Run-off Engineering Report, Appendix 4G of the Part B 
Permit Application). The only precipitation that may reach the LDCRS is 
the water that falls directly above the vault. 

During the operation period of the vault, a maximum of 31 gallons may find 
its way into the LDCRS after such a precipitation event. After vault closure, 

• the multi-layered barrier over the vault will prevent any precipitation from 
percolating down into the vault. For further details, see calculations in 
Appendix A. 

3.4 LEAKAGE FROM INSIDE THE VAULT 

During the operation period, the vault will be filled with grout during a 
one to two month period. Liquid in the form of grouted waste and excess 
water will be present. After the vault is filled, any excess water is pumped 
backed to the TGE and handled as a waste. 

Very small quantities of liquid are expected to permeate through the primary 
composite liner. Maximum quantity of flow should be on the order of 0.053 
gpd. See Appendix A for calculations. 

4.0 LEACHATE SUMP CAPACITY 

A 4-inch perforated steel pipe lies on the sloped bottom of the catch basin. 
This pipe is connected to the leachate sump as shown in Figure 4. The sump 
is an 8-foot diameter steel vessel encased in concrete. The capacity of the 
leachate sump is 2,900 gallons. 

Each I-inch rise of liquid in the sump equals approximately 31 gallons of 
liquid. The precision of the level measuring instruments will be able to 
detect increases in excess of 20 gpd or 0.65 inches. 
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• 5.0 ACTION LEAK RATE 
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The action leakage rate (ALR) selected for the vault represents a small 
leakage through the primary liner which would not affect overall performance 
of the liner system. This rate includes leakage which occurs through small 
defects in the coating or concrete of the primary liner. 

The value selected for the ALR is based upon the EPA recommendation of 20 
gpd per acre and the limits of precision of sump level instrumentation. The 
total surface area in which the grouted waste may come into contact is 18,069 
square feet or 0.41 acres. Thus, the ALR was calculated to be 8 gpd for 
each vault. 

The rate of liquid rise in the sump will be averaged over a 30 day period to 
determine leakage rates. If the leakage rate exceeds 8 gpd based on a 30 
day average or 20 gallons on any one day, the responses for flows in excess 
of the ARL will be implemented. See Section 6.0 for responses. 

The following expected leakage rates were calculated for various sources of 
liquid. 

ESTIMATED QUANTITY 

SOURCE 

Construction Water 

Precipitation from a 24-hour, 
25-year storm 

Concrete vault dewatering 

Leakage through primary composite liner 

During construction of closure cover, 
construction water 

After closure 

*See cover Design Report, Appendix llA of the 
Part B Permit Application 
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(GPDl 

Not Applicable 
(water removed 
prior to operation) 

31 

2.2 

0.053 

5.5 

·1* n1 
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6.0 RESPONSES 

The actions required in response to various flow rates to the leachate sump 
located in the LDCRS are provided in this section. The sump will be 
monitored daily, and comparisons made with the previous day level to determine 
leak rates during the vault filling operation. After closure, monitoring 
will continue on a quarterly basis. 

Pumpable quantities of leachate contained in the sump will be sampled, 
removed, and disposed of in accordance with site procedures. 

Leak rates in excess of the ALR (8 gpd for a 30 day average or 20 gallons on 
any one day) will be responded to as described in this section. Responses 
are described for three leakage rate bands. 

o Less than the ALR 

o Above the ALR and less than the Rapid and Large Leakage (RLL) rate 

o Above the RLL 

6.1 FLOW RATE LESS THAN THE ALR (8 gpd) 

Under normal operating conditions, flows in the leachate sump are expected 
to be less than 8 gpd, averaged over 30 days or 20 gallons on anyone day, 
the amount previously defined in the ALR. The actions required are as 
follows: 

1. Perform daily comparisons of liquid levels in the leachate sump. 

2. Sample, remove, and return liquids to the disposal vault if 
pumpable quantities are reached. 

6.2 FLOW RATES BETWEEN THE ALR (8 gpd) AND RLL (800 gpd) 

Flow rates between 8 gpd and 800 gpd indicate that an excess amount of liquid 
is entering the LDCRS. The required actions are listed below: 

1. Notify WSDOE and EPA within 7 days if the flow to the leachate 
sump exceeds the ALR. 

2. Sample and analyze leachate to determine source. 

3. Pump leachate sump and return to the ·appropriate receiver tank 
for further processing. 
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6.3 FLOW RATES GREATER THAN THE RLL (800 gpd) 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Flow rates greater than 800 gpd indicate that a major source of liquid is 
finding a path to the LDCRS and is defined as the RLL. The required actions 
are listed below: 

1. Notify WSDOE and EPA within 24 hours if the flow to the leachate 
sump exceeds 800 gpd. 

2. lnvnediately stop vault filling. 

3. Remove excess water from vault. 

4. Sample and analyze leachate to determine source. 

5. Pump leachate sump and return to the appropriate receiver tank 
for further processing. 

6. Evaluate alternatives and prepare response plans. Submit to WSDOE 
within 60 days. 
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Defense Waste Management 

Determines Training Requirements 
and Training Compliance 

-~ 
I 

Defense Waste 
Technical Training 

Provides 

• Job/Task Analysis 

• Records Control 

Develops and Provides 

• Hazardous Waste 
Training Courses 

• Laboratory Training 

• Maintenance Training 

• Operations Training 

• Radiation Protection 

• Radiation Protection 
Technologist Classroom 
Training 

... 
""" 
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Industrial Safety and Fire Protection 

Provides Technical 
Consultation 

I 
Occupational Health Physics Training 

Develops and Provides 
On-The-Job Training 

PS90-000 54 

Appendix 8A. Grout Treatment Facility Training Organization Chart. 
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APPENDIX 8B 

JOB TITLES, POSITIONS, AND DESCRIPTIONS 

DOE/RL 88-27 
Rev. 1, 01/17/90 

This appendix summarizes the job titles, positions, and descriptions for 
personnel associated with Grout Treatment Facility operations. 

TANK FARMS 

Managers, shift supervisors, and nuclear operators* within Tank Farm 
Grout Operations will operate the GTF. 

Tank Farm Operations 

Processing Shift Operations 

• Nuclear operator--Computer Automated Surveillance System (CASS) 
certified 

• Nuclear Operator--Routines certified. 

Grout Operations 

• Manager 
• Supervisor 
• Nuclear operator--GTF certified. 

Tank Farm Services 

Tank Farm East Area Operations 

• Nuclear operator--Waste truck operations certified . 

*Nuclear operator is a job category having three levels--nuclear process 
operator (NPO), nuclear operator (NO), and operator trainee (OT). The level, 
in conjunction with job category, facility, and assigned work, determines 
training requirements. 
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EAST TANK FARM MAINTENANCE 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Designated managers, shift supervisors, plant engineer, and craftsmen 
from Tank Farms Maintenance will maintain the GTF. 

• Manager 
• Supervisor 
• Plant engineer 
• Electrician 
• Instrument technician 
• Mi 11 wright 
• Pipefitter (plumber-steamfitter). 

WASTE MANAGEMENT PLANT ENGINEERING 

Managers and process engineers (i .e ., senior and principal) will provide 
cognizant engineering support for the GTF . 

• Un it manager 
• Process engineer . 

WASTE MANAGEMENT HEALTH PHYSICS 

Operational Health Physics (OHP) supervisors and radiation protection 
technologists* (RPT) will provide radiological support servi ces for GTF 
personnel. 

East Tank Farms 

• Supervisor 
• The RPT . 

* The RPT is a job category having three levels--junior radiation 
protection technologist (JRPT}, RPT, and senior radiation protection 
technologist (SRPT) . The level, along with job category and facility or 
area, determines training requirements . 
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POSITION: 

REPORTS TO : 

MANAGER, GROUT OPERATIONS 

Manager, Tank Farm Operations 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ RL 88-2 7 
Rev. 1 , 01 /1 7/ 90 

The following duties are to be carried out along with other dut i es 
associated with this position: 

• Supervise personnel 
• Supervise emergency response and recovery actions 
• Maintain administrative control 

- Review/revise operating safety documents 
- Review/revise plant operating procedures 
- Document study reviews 
- Review data sheets 
- Review inspection reports/housekeeping reports 
- Review/process event fact sheet/closeout 
- Develop activity reports (weekly--monthly--daily) 
- Process work authorization requests 
- Participate in readiness reviews 
- Critique reports 
- Daily operating reports 

• Supervise procedure compliance 
• Minimize injuries and/or equipment damage 
• Ensure compliance to operating limits and specifications 
• Minimize operating personnel radiation exposure and/or 

contaminat i on . 

QUALIFICATIONS : 

A bachelor of arts (B.A.) degree or equivalent. Continued job-related 
exper i ence. Knowledge of job requirements. Able to follow written/ verba l 
procedures/instructions regarding normal operations and emergency condition s . 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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POSIT ION: SUPERVISOR 

DOE/ Rl 88 -27 
Rev . 1, 01 / 17/ 90 

REPORTS TO: Manager, Grout Operations; Manager, Tank Farm Shift 
Operations; or Manager, Tank Farm Operations 

DUTIES ASSOCIATED WITH DANGEROUS WASTE : 

The following duties are to be carried out along with other duties 
associated with this position: 

• Supervise personnel 
• Supervise emergency response and recovery actions 
• Maintain administrative control 

- Review/revise operating safety documents 
- Review/revise plant operating procedures 
- Document study reviews 
- Review data sheets 
- Review inspection reports/housekeeping reports 
- Review/process event fact sheet/closeout 
- Develop activity reports (weekly--monthly--daily) 
- Process work authorization requests 
- Participate in readiness reviews 
- Critique reports 
- Maintain time cards and records 
- Minimize absenteeism 
- Obtain overtime and maintain records 

• Supervise procedure compliance 
• Ensure that operators are trained 
• Minimize injuries and/or equipment damage 
• Assure compliance to operating limits and specifications 
• Minimize operating personnel radiation exposure and/or 

contamination . 

QUALi FI CA Tl ONS: 

A B.A./bachelor of science (S.S.) degree or equivalent combination of 
education and/or experience. Completion of company-general, plant-specific , 
and job-specific training. Continued job-related experience. Knowledge of 
job requirements. Able to follow written/verbal procedures/instructions 
regarding normal operations and emergency conditions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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JOB TITLE: 

REPORTS TO: 

NUCLEAR OPERATOR (Grout Treatment Facility) 

Supervisor, Grout Shift Operations 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ RL 88- 2 7 
Rev. 1, 01 / 17/ 90 

The following duties are to be carried out along with other duties 
associated with this position: 

• Perform prestartup operations 
- Computer systems 
- Liquid waste system 

• Pre-charge additive lines 
• Start up instrument air system 
• Start up process ventilation system 
• Operate the transportable grout equipment/vault closed-circuit 

television system 
• Operate the mixer and pump systems 

- Operate system/raw water . 
- Operate system/waste feed 

• Perform surveillance operations 
- Perform surveillance during operation 
- Maintain grout campaign operations log 
- Obtain sample number/monitor records 
- Stand by 

• Transfer from truck to bin 
• Sample dry blend 
• Perform waste transfers 
• Operate portable instrument house 
• Perform liquid-collection tank operations 

- Sampling 
- pH adjustment 

• Decontaminate systems 
• Fill decontamination/additive module tank 
• Operate flush and spray systems 
• Bypass computer controls 
• Shut down mixer pump 
• Shut down/systems check 

- Emergency shutdown 
- Emergency stop 

• Close/monitor vault 
• Perform emergency plant and abnormal plant conditions activities . 

QUALIFICATIONS: 

Completion of company-general, plant-specific, and job-specific train i ng. 
Continued job-related experience. Knowledge of job requirements. Able to 
follow written/verbal procedures/instructions regarding normal operations an d 
emergency conditions. 
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Physically able to : 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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JOB TITLE: 

REPORTS TO: 

NUCLEAR OPERATOR (Waste Truck Operations) 

Supervisor, Tank Farm East Area Operations 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ RL 88-27 
Rev. 1, 01 / 17/ 90 

The following duties are to be carried out along with other duties 
associated with this position: 

• Inspect truck 
• Ensure that truck has supplies 
• Check procedures 
• Load up dangerous waste 
• Unload dangerous waste 
• Pick up used laundry 
• Stock shelves with laundry 
• Complete daily logbook. 

QUALIFICATIONS: 

Completion of company-general, plant-specific, and job-specific train ing. 
Continued job-related experience. Knowledge of job requirements. Able to 
follow written/verbal procedures/ instructions regarding normal operations and 
emergency conditions. Physically able to lift containers and laundry bags. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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JOB TITLE: 

REPORTS TO: 

NUCLEAR OPERATOR (Tank Farm Routines) 

Supervisor, Tank Farm Shift Operations 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ RL 88-27 
Rev. 1, 01 / 17/ 90 

The following duties are to be carried out along with other duties 
associated with this position: 

• Record readings in the AP Farm 
• Notify grout operations support supervisor of grout facility alarms . 

QUALIFICATIONS: 

Completion of company-general, plant-specific, and job-specific training . 
Continued job-related experience. Knowledge of job requirements . Able to 
follow written/verbal procedures/i nstructions regarding normal operations and 
emergency conditions. 

Physically able to: 

• Lift containers 
• Lift laundry bags 
• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access . 
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JOB TITLE: 

REPORTS TO : 

DOE/ RL 88-27 
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NUCLEAR OPERATOR (Computer Automated Surveillance System) 

Supervisor, Tank Farm Shift Operations 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

The following duties are to be carried out along with other duties 
associated with this position: 

• Monitor panelboards 
• Notify grout operations support supervisor of grout facility alarms. 

QUALIFICATIONS: 

Completion of company-general, plant-specific, and job-specific training. 
Continued job-related experience. Knowledge of job requirements. Able to 
follow written/verbal procedures/ instruc t ions regarding normal operations and 
emergency conditions. 
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POSITION: 200 EAST AREA MAINTENANCE MANAGER 

REPORTS TO: Manager , Tank Farm Maintenance 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ Rl 88-27 
Rev. 1, 01 / 17/ 90 

The following duties are to be carried out along with other duties 
associated with this position: 

• Plan work schedules 
• Organize work plan 
• Provide direction/implementation of work authorization 
• Maintain control / completion of work authorization. 

QUALIFICATIONS: 

AB.A. degree or equivalent. Completion of company-general, plant
specific, and job-specific training. Continued job-related experience. 
Knowledge of job requirements. Able to follow written/verbal 
procedures/ instructions regarding norm~l operations and emergency conditions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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POSIT ION: 

REPORTS TO: 

200 EAST AREA MAINTENANCE PLANT ENGINEER 

Manager , Tank Farm Maintenance 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ RL 88-27 
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The following duties are to be carried out along with other duties 
associated with this position: 

• Plan work schedules 
• Organize work plan 
• Provide direction/ implementation of work authorization 
• Maintain control / complet ion of work authorization. 

QUALIFICATIONS: 

A B.S. degree or equivalent. Completion of company-general, plant
specific, and job-specific training. Continued job-related experience. 
Knowledge of job requirements. Able to follow written/ verbal 
procedures/ instructions regarding normal operations and emergency conditions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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POSITION: MAINTENANCE SUPERVISOR 

OOE/ Rl 88-27 
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REPORTS TO: Manager, 200 East Area Tank Farm Maintenance 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

The following duties are to be carried out along with other duties 
associated with this position: 

• Plan work schedules 
• Organize work plan 
• Provide direction/implementation of work authorization 
• Maintain control/completion of work authorization. 

QUALIFICATIONS: 

AB.A. Degree or equivalent. Completion of company-general, plant
specific, and job-specific training. Continued job-related experi~nce. 
Knowledge of job requirements. Able to follow written/verbal 
procedures/instructions regarding normal operations and emergency conditions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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JOB TITLE: INSTRUMENT TECHNICIAN 

REPORTS TO: Supervisor, Maintenance 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ Rl 88-27 
Rev . 1 , O 1/ 17 / 90 

The following duties are to be carried out along with other duties 
associated with this position: 

• Schedule maintenance of functioning systems 
• Service functioning systems 
• Repair functioning systems 
• Upgrade functioning systems. 

QUALIFICATIONS: 

Journeyman status. Completion of company-general, plant-specific, and 
job-specific training. Continued job-related experience. Knowledge of job 
requirements. Able to follow written/ verbal procedures/ instructions regarding 
normal operations and emergency conditions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access . 
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JOB TITLE: ELECTRICIAN 

REPORTS TO: Supervisor, Maintenance 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ RL 88-27 
Rev. 1, 01 / 17/ 90 

The following duties are to be carried along with other duties associated 
with this position: 

• Schedule maintenance of functioning systems 
• Service functioning systems 
• Repair functioning systems 
• Upgrade functioning systems. 

QUALIFICATIONS: 

Journeyman status. Completion of company-general, plant-specific, and 
job-specific training. Continued job-related experience . Knowledge of job 
requirements. Able to follow written/verbal procedures/ instructions regarding 
normal operations and emergency conditions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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JOB TITLE: PIPEFITTER (PLUMBER -STEAMFITTER) 

REPORTS TO Supervisor, Maintenance 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ RL 88-27 
Rev. 1 , 01 / 17 / 90 

The following duties are to carried out along with other duties 
associated with this position: 

• Remove equipment as required 
• Repair equipment as required 
• Replace equipment as required. 

QUALIFICATIONS: 

Journeyman status . Completion of company-general, plant-specific, and 
job-specific training. Continued job-related experience. Knowledge of job 
requirements. Able to follow written/verbal procedures/ instructions regarding 
normal operations and emergency conditions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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JOB TITLE : MILLWRIGHT 

REPORTS TO: Supervisor , Maintenance 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ RL 88-27 
Rev . 1, 01 / 17 / 90 

The following duties are to be carried out along with other duties 
associated with this position: 

• Remove equipment as required 
• Repair equipment as required 
• Replace equipment as required. 

QUALIFICATIONS: 

Journeyman status. Completion of company-general, plant-specific, and 
job-specific training. Continued job-related experience. Knowledge of job 
requirements. Abl e t o follow written/verbal procedures/instructions regarding 
normal operations and emergency conditions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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POSIT ION: 

REPORTS TO : 

MANAGER, GROUP, TANK FARM PLANT ENGINEERING 

Manager, Department, Tank Farm Plant Engineering 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

The following duties are to be carried out along with other duties 
associated with this position: 

• Coordinate grout engineering and support. 

QUALIFICATIONS: 

A B.S. degree in engineering . Completion of company-general , plant
specif i c, and job-specific training . Continued job -related experience. 
Knowledge of job requirements. Able to follow written/verbal 
procedures/i nstructions regarding normal operations and emergency conditions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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Rev. 1, 01 / 17/ 90 

POSIT ION: 

REPORTS TO: 

MANAGER, UNIT, TANK FARM PLANT ENGINEERING 

Manager, Group, Tank Farm Plant Engineering 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

The following duties are to be carried out along with other duties 
associated with this position: 

• Coordinate grout cognizant engineer support. 

QUALIFICATIONS: 

A B.S. degree in engineering. Completion of company-general, plant
specific, and job-specific training. Continued job-related experience. 
Knowledge of job requirements. Able to follow written/verbal 
procedures/instructions regarding normal operations and emergency conditions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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POSITION: PROCESS ENGINEER 

REPORTS TO: Unit Manager, Process Eng ineering 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

DOE/ RL 88-27 
Rev. 1 , 01 / 17/ 90 

The following duties are to be carried out along with other dutie s 
associated with this position: 

• Maintain facility expertise 
- Trouble-shooting 
- Engineering evaluations 
- Presentations 
- Tours 

• Perform startup and maintenance activities 
- Process memos 
- Process engineering service and work requests 
- Process control plans 

• Process weekly reports on facility operations 
• Document calibrations/pisces forms 
• Develop plant operating procedures 
• Develop operability test procedure/operability test report 
• Develop sample schedule 
• Develop essential material specifications, sampling. 

QUALIFICATIONS: 

A B.S. degree in engineering. Completion of company-general, plant 
specific , and job-specific training. Continued job-related experience . 
Knowledge of job requirements. Able to follow written/verbal 
procedures/instructions regarding normal operations and emergency condit ions. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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Rev. 1, 01 / 17/ 90 

POSITION: 

REPORTS TO: 

OPERATIONAL HEALTH PHYSICS SUPERVISOR, EAST TANK FARMS 

Manager, Waste Management Health Physics 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

The following duties are to be carried out along with other duties 
associated with this position: 

• Administrative 
- Routines 
- Reports 

• Emergency procedures and abnormal plant conditions . 

QUALIFICATIONS: 

A S.S. degree or equivalent . Completion of company-general, plant 
specific, and job-specific training. Continued job-related experience . 
Knowledge of job requirements. Able to follow written/verbal 
procedures/instructions regarding normal operations and emergency condit i ons. 

Physically able to: 

• Work in changing weather conditions 
• Ascend and descend stairs on the day bin tower 
• Work in confined spaces 
• Work in areas with limited access. 
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- ~ POSITION: RADIATION PROTECTION TECHNOLOGIST 

Supervisor, Operational Health Physics 
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REPORTS TO : 

DUTIES ASSOCIATED WITH DANGEROUS WASTE: 

The following duties are to be carried out along with other duties 
associated with this position: 

• Survey and release personnel from radiation areas 
• Survey radiological and nonradiological areas for contamination on 

a routine basis. Survey continuous air monitor (CAM) air samples 
and change on a routine basis 

• Survey and release equipment from a radiation area. Survey 
equipment that work will be performed on 

• Survey and release areas / buildings 
• Set dose rates for personnel 
• Set dose rates on equipment for personnel to work on, including 

gloveboxes 
• Support radiological emergencies at the Grout Treatment Facility, 

which include CAM alarms and contamination spreads. 

QUALIFICATIONS: 

Completion of company-general, plant-specific, and job-specific training. 
Continued job-related experience. Knowledge of job requirements . Able to 
follow written/ verbal procedures/i nstructions regarding normal operations and 
emergency conditions. 

30 Physically able to: 
31-
32 • Work in changing weather conditions 
33 • Ascend and descend stairs on the day bin tower 
3cl_~ • Work in confined spaces 
35 • Work in areas with limited access . 
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SAMPLE GROUT FACILITIES EMPLOYEE TRAINING MATRIX 
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APPENDIX SC 

DOE/ RL 88 -27 
Rev. 1, 01 / 17/ 90 

SAMPLE GROUT FACILITIES EMPLOYEE TRAINING MATRIX 

1. All personnel must complete Radiation Safety Training. Subsequent 
retraining is completed through the Radiation Safety Requalification with 
the exception of those in the Radiation Protection Technologist (RPT) 
Program (i.e., those in the RPT Program complete the retraining 
requirement through their certification courses). 

2. New Employee Indoctrination is applicable only to those with payroll 
numbers 6C406 through 60999 and any payroll number beginning with an 8. 

3. Computer Security Awareness is not required for those in the Nuclear 
Operator Program because the only systems they operate are the 
programmable controllers, which are exempt from this course requirement . 

4. The following courses are required for management-specified personnel 
only: 

• Basic Crane and Rigging Training 

• Computer Automated Surveillance System 

• Computer Security Awareness 

• On-the-Job Training Instructor Training 

• Tank Farm Routines 

• Waste Truck Operations. 

R = Required training. 
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APPENDIX 80 

ENVIRONMENTAL AND HAZARDOUS MATERIAL 

SAFETY TRAINING REQUIREMENTS 
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ENVIRONMENTAL AND HAZARDOUS MATERIAL SAFETY 
INITIAL TRAINING REQUIREMENTS MATRIX 

Ha za rdous I Gene ra t o r I Haza rdous 
Ra diation I Waste Communica - Haza rds Materials 
Worker . . 

Employee ca t egory• t ion aric:' \1\/:i.1:;te Safety Waste Job· _ . . S1te-Ba s1c 
1 raining 

Orientat ion Training Specific 
(1 hour ) (4 hours) Tr ainingb 

(8 hours) 

020 066 02006G 02006H 020001 

All employees X 

Genera l worke r X V X 

General supervisor/mar}£ger X X X 

Genera l nonrad io log1cal X X X 
sh ipper 

General hazardous material X X X 
shi pper 

Hazardous w aste site w orker X X X 
(known haza rds) 

Hazardous wast e site worker X X X X 
(unknow n hazards) 

Hazardous waste site X X X X 
supervisor/ manager 

Hazardous waste site shi pper X X X X 

• Defi niti ons attached . 
bLength var ies for each faci lity. 
<Scott SKA-PAK is a trademark of Figg ie International, Incorporat ed . 
d(ompl iance categories : 

1 WAC 173-303 (Ecology 1989), 29 CFR 1910.1200 (OSHA 1988) 
2 49 CFR 173 (DOT 1987) 
3 29 CFR 1910. 120 (2 4-hour requirement) (OSHA 1989) 
4 29CFR 1910.1 20(40-hourreq ui rement)(OS HA 1989) 

(16 hours ) 

0201 01 

X 

5 29 CFR 1910.120 (40-hour plus 8-hour requ irement ) (OSHA 1989). 

Course ti t le and number 

Scott Card io- Fire Waste Site 
Haza rdous Certification 

SKA-PAK' pulmonary Ext inguisher 
Waste Site 

Fie ld 
Waste of Hazardous 

Advanced Sh ipment Mate ri al 
Training Resusci tation Safety 

(24 hours) 
Ex perience 

Certif icat ion Shipments 
(2 hours) (4hou rs) (1 hour) (24 ho urs) 

(2 4 hours) (8 ho urs) 

02003 2 020123 02006F 020201 020202 02006S 020059 

X 

X 

X X X X X 

X X X X X 

X X X X X X X 

Hazc idOi..ii I 
Waste Site 

Compliance 
Supervisori 
Manager 

Categoryd 

(8 hours) 

TBD 

1 

1 

1,2 

1,2 

1,3 

1,4 

X 1,5 

1,2,4 

DOE/RL 88-27 
Rev. 1, 01/17/ 90 

Total hours 

1 

5 + facility-specifi c 
train ing 

5 + fac il i y-spec if ic I 
tra ining 

29 + faci l ity -specif ic training 

13 + facility- specifi c training 

28 + fa cility-specific tra ining 
+ fi el d experi ence 

44 + fa cility-spec ifi c train ing 
+ f ield experience 

52 + facility-specific tra ining 
+ fi eld experience 

76 + fac il ity-specific t ra ining 
+ fi eld experience 

PST9O-0O056-88 
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ENVIRONMENTAL AND HAZARDOUS MATERIAL SAFETY 

RETRAINING REQUIREMENTS MATRIX 

Employee categoryb 

All employees (none required) 

General worker 

General supervisor/manager 

General nonradiological shipper 

General hazardous material shipper 

Hazardous waste site worker (known 
hazards) 

Hazardous waste site worker (unknown 
hazards) 

Hazardous waste site supervisor/manager 

Hazardous waste site shipper 

a Length varies for each facility . 
bDefinit ions attached . 

Generator 
Hazards Safety 

Training 
(4 hours/2 years) 

020066 

X 

X 

X 

X 

X 

X 

X 

X 

Course title (length/frequency) and number 

Hazardous 
Hazardous Hazardous 

Materials Waste 
Waste Site Waste Shipment 

Job-Specific 
Training 

Retraining Certification 

(a/1 year) 
(8 hours/1 year) (24 hours/1 year) 

02006H 020060 020065 

X 

X 

X X 

X 

X X 

X X 

X X 

X X X 

• 

Certification of 
Hazardous 
Material 

Shipments 
(8 hours/2 years) 

020059 

X 

X 
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OOE/ RL 88 -27 
Rev. 1 , 01/ 17 / 90 

DEFINITIONS OF EMPLOYEE WORK CATEGORIES 

Employee 
catego ry 

All employees 

General worker 

General supervisor/manager 

General nonradiological 
dangerous waste shipper 

General hazardous material 
(radiological) shipper 

Definition 

All Westinghouse Hanford Company employees and 
unescorted contract personnel. 

Any employee who 'may be exposed ' to hazardous 
chemicals in the work place . Such exposure i s 
defined to include actual as well as potent i al 
exposure . Also, any employee who generates , 
packages, stores, or ships hazardous waste . 
This includes any employee who directly affec ts 
the management of hazardous chemicals/ waste . 

A supervisor/manager who qualifies under the 
definition of general worker or who has 
employees that qualify as general workers . 

An employee who qualifies under the def i ni t ion 
of general worker and/or prepares and s igns 
uniform hazardous waste manifests. 

An employee who qualifies under the def inition 
of general worker and/or certifies the 
compliance of Hanford Site hazardous mate ri al 
shipments . 

NOTE : For shipments of mixed waste, shipping course numbers 2006S and 20059 , 
as indicated on the matrices, must be completed. 

NOTE : The following definition of a hazardous waste site is used for th e 
employee categories of hazardous waste site worker, hazardous waste site 
supervisor/ manager, and hazardous waste site shipper: 

A ' hazardous waste site' is any site or operation defined in 
29 CFR 1910 . 120, "Hazardous Waste Operations and Emergency 
Response" (OSHA 1989). These operations at the Hanford Site 
include, but are not limited to tank farms, cribs, grout, site 
characterization, chemical disposal and shock-sensitive chemical 
disposal, waste storage, and groundwater monitoring. 

Hazardous waste site worker 
(known hazards) 

Workers who are classified as requiring di rec t 
handling or involvement in the site or 
operation. Responsible for the safe ope r at ion 
of hazardous waste treatment, storage , and 
disposal facilities regulated under 40 CFR 264 
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Ha zardous waste site worker 
(known hazards) (cont) 

Hazardous waste site worker 
(unknown hazards) 

Hazardous waste site 
supervisor/manager 

Hazardous waste site 
shipper 

DOE/ RL 88 -27 
Rev. 1, 01 / 17/ 90 

(EPA 1988a) and 40 CFR 265 (EPA 1988b)-pursuant 
to the Resource Conservation and Recovery Ac t 
of 1976--provides for compliance with 
29 CFR 1910.120 (24 -hour train i ng requirement) 
(OSHA 1989). 

Workers who are classified as requiring direct 
handling or involvement in the site or 
operation. Responsible for the safe in i tial 
site investigation and cleanup of Comprehens ive 
Environmental Response, Compensation and 
Liability Act of 1980 and Resource Conservat ion 
and Recovery Act of 1976 hazardous waste sites- 
provides for compliance with 29 CFR 1910. 120 
(40-hour training requirement) (OSHA 1989). 

Supervisors and managers who overview work or 
workers that require direct handling or 
involvement in the site or operation . 

Employees who qualify under the definition of 
hazardous waste site worker and who cert i fy 
shipments of hazardous waste, hazardous mate rial 
(radiological), and/or mixed waste. 

REFERENCES 

DOT, 1988, Hazardous Materi a 1 Regulation of the Department of Transporta tion , 
Title 49, Code of Federal Regulations, Part 173, U.S. Department of 
Transportation, Washington, D.C. 

Ecology, 1989, Dangerous Waste Regulations, Washington Administrative Code 
WAC 173-303, Washington State Dep4rtment of Ecology, Olympia, Washi ngt on. 

EPA , 1988a, Interim Status Standards for Owners and Operators of Hazardous 
Waste Treatment, Storage, and Disposal Facilities, Title 40, Code of 
Federal Regulations, Part 265, as amended, U.S. Environmental Protect ion 
Agency, Washington, D.C. 

EPA , 1988b, Standards for Owners and Operators of Hazardous Waste Treatment , 
Storage, and Disposal Facilities, Title 40, Code of Federal Regulat ions, 
Part 264, U.S. Environmental Protection Agency, Washington, D.C. 

OSHA, 1988, Occupational Safety and Health Standards, Title 29, Code of 
Federal Regulations, Part 1910.1200, Occupational Safety and Health 
Adm i ni st ration , Wa~hington , D.C . 

OSHA, 1989 , Hazardous Waste Operat ions and Emergency Response, Ti t l e 29, 
Code of Federal Regulations, Part 1910.120, Occupational Safety an d 
Health Administration, Washington, D.C. 
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APPENDIX BE 

SAMPLE TRAINING COURSE SUMMARIES 

DOE/RL 88-27 
Rev. 1 , O 1/ 17 /90 

This appendix contains sample summaries of training courses for Grout 
Treatment Facility personnel. 

SE.I COMPANY-GENERAL COURSES 

Title: Radiation Safety Training 

Description: Instructs radiation workers in the fundamentals of radiation 
protection and the proper procedures for monitoring 
exposures. 

Target Audience: Radiation workers 

Delivery: Classroom 

Assessment: Written test and practical dress/undress exercise 

Length: 7 h 

Frequency: 24 mo by completion of radiation safety requalification 

Title: Radiation Safety Requalification 

Description: Instructs radiation workers in the fundamentals of radiation 
protection and the proper procedures for monitoring 
exposures. 

Target Audience: Radiation workers 

Delivery: Classroom or computer-based training 

Assessment: Written test and practical dress/undress exercise 

Length: 7 h 

Frequency: 24 mo 
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Title: New Employee Safety Orientation 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Description: Course covers U.S. Department of Energy and Westinghouse 
Hanford regulations pertaining to employer and employee 
rights and responsibilities, general radiation training, 
hazardous communications and hazardous waste, fire 
prevention, personal protective equipment, safety 
regulations, accident reporting, avenues for addressing 
safety concerns. 

Target Audience: All new employees 

Delivery: Classroom 

Assessment: N/A 

Length: 3 h 

Frequency: N/A 

Title: Comprehensive Security Briefing 

Description: Course is designed to acquaint individuals who are granted 
U.S. Department of Energy access authorization ("5" or 
"3") with their responsibilities concerning the 
classification, protection and control of classified 
information and materials, security regulations and 
reporting requirements. This includes escort training. 

Target Audience: All new hire cleared employees and those receiving an 
upgrade clearance level, e.g., "O" to "5" or "3" and "5" 
to 11 3. II • 

Delivery: Classroom 

Assessment: N/A 

Length: 1 h 

Frequency: 12 mo by completion of security refresher briefing course. 
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Title: Security Refresher Briefing 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Description: Intended to provide individuals who possess U.S. Department 
of Energy access authorizations with information on security 
regulations and information relating to their security 
responsibilities. It is expected to heighten individual 
security awareness, which tends to decline with time. 
Also includes escort training. 

Target Audience: All employees with "5" or "3" clearances. 

Delivery: Classroom 

Assessment: N/A 

Length: 1 h 

Frequency: 12 mo 

Title: New Employee Indoctrination 

Description: New employee indoctrination is part of the new employee 
orientation program. Management must discuss and answer 
questions with new employees related to the content of 
topics listed on the Employee Indoctrination Checklist 
during each employee's first weeks on the job. 

Target Audience: Company employees (new hires and updates, as needed, for 
all employees 

Delivery: OJT 

Assessment: N/A 

Length: 3 h for new hires--time varies for all others. 

Frequ~ncy: N/A 
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Title: Computer Security Awareness 

DOE/RL 88-27 
Rev . 1, 01/17/90 

Description: Covers procedures and user responsibilities for the 
protection of computer systems, including such topics as 
U.S. Department of Energy orders, definition of computer 
system, sensitive data and protective measures. Includes 
the six-minute video, "Computer Security Is You." 

Target Audience: Personnel involved in the management, design, development, 
operation, maintenance, and use of computers or standalone 
processors. 

Delivery: Classroom 

Assessment: N/A 

Length: 1 h 

Frequency: 36 mo 

Title: On-the-Job Training Instructor 

Description : Instructional approach to the planning, implementation, and 
evaluation of on-the-job training. Includes role-model 
demonstration exercise and practice with critique . 

Target Audience: Ident i fied bargaining unit, exempt personnel . 

Delivery: Classroom 
Assessment: Practical exercise 

Length: 12 h 

Frequency : N/A 
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Title: Basic Crane and Rigging Training 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Description: The course i s designed to familiarize those who operate 
any type of lifting device who are not professional crane 
operators. The content includes principles of rigging and 
lifting as well as safety checks and practices. 

Target Audience: Anyone who operates a lifting device. 

Delivery: Classroom 

Assessment: Written test 

Length: Varies 

Frequency: 24 mo 

8E.2 PLANT-SPECIFIC COURSES 

The scope and technique (delivery) for the annual review of initial 
training is still being reviewed. 

Title: Grout Facilities Orientation 

Description: Consists of a classroom presentation using structured notes 
and/or a videocassette. Topics to be presented in 
compliance with state and federal requirements include entry 
and exit requirements; location of organizational charts, 
administrative, and operating procedures; the person in 
charge of communications; potential hazards; restricted 
areas; potential emergencies, alarms, communications, 
responses and staging areas; location and use of emergency 
and equipment; identification of facilities; overview of 
the process; training requirements. 

Target Audience: Unescorted personnel working at any of the grout facilities. 
(All others considered visitors and will be escorted.) 

Delivery: Classroom or videocassette/self-study 

Assessment: N/A 

Length: 1 h 

Frequency: N/A 
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Title: Facility Orientation--200 East/200 West Tank Farms 

Description: Employees will be made aware of the type of radiation 
found in their work facility. They will become familiar 
with the types of instruments used to detect radiation. 
Employees will be aware of radiation areas at the facility 
and the signs used to identify the types of radiation 
areas. Radiation work permits along with the special work 
permit (SWP) procedures and dress requirements. Emergency 
signals and response to them will be discussed including 
evacuation routes. Employees will be instructed in self
survey for 200 Areas tank farm authorized personnel. 

Target Audience: All personnel assigned to or perform work in the 200 Areas 
tank farms. 

Delivery: Classroom 

Assessment: N/A 

Length: 1 h 

Frequency: N/A 

8E.3 JOB-SPECIFIC COURSES 

Title: General Radio-Chemical Operator (GR-CO) Training 

Description: Course consists of self-study, using a manual that covers 
the following topics in general terms for 200 Areas 
processing and waste management facilities: 

• Introduction 
• Mathematics 
• Chemistry 
• Security 
• Industrial safety 
• Emergency preparedness 
• Radiation safety 
• Environmental protection 
• Criticality prevention 
• Nuclear materials management 
• Instrumentation 
• Process and equipment . 

Target Audience: Nuclear operators (i.e., operator trainee, 18-mo nuclear 
operator, 30-mo nuclear operator, 42-mo nuclear operator 
and nuclear process operator) 
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Delivery: 

Assessment: 

Length: 

Frequency: 

Title: 

Description: 

Target Audience: 

Delivery: 

Assessment: 

Length: 

Frequency: 

Classroom or self-study 

Written test 

Varies 

D0E/RL 88-27 
Rev. 1, 01/17/90 

12 mo for operator trainee through nuclear operator 42-mo 
levels; 24 mo for nuclear process operator level. 

Tank Farm Processing and Services Plant-Specific Training 

Course consists of self-study, using a manual which covers 
the following topics about the 200 Areas tank farms: 

• Introduction 
• Emergency procedures 
• Security 
• Criticality and radiation safety 
• Industr i al safety 
• Process and equipment. 

Nuclear operators assigned to 200 Areas tank farms 
(i.e., operator trainee, 18-mo nuclear operator, 30-mo 
nuclear operator, 42-mo nuclear operator and nuclear process 
operator) 

Classroom or self-study 

Written test 

Varies 

12-mo for operator trainee through nuclear operator 42-mo 
levels; 24-mo for nuclear process operator level. 
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Title: Tank Farm Processing Emergency Procedures and Abnormal 
Plant Conditions (EP/APC) Training for Nuclear Process 
Operators 

Description: This course is designed to be a review of abnormal and 
emergency conditions that could occur in the tank farms, 
associated alarms and communications, · and proper responses. 

Target Audience: Nuclear process operators, beginning 12 mo after completion 
of GR-CO and plant-specific training 

Delivery: Self-study 

Assessment: Written test 
Length: Varies 

Frequency: 24 mo 

SPECIAL NOTE: To comply with the U.S. Department of Energy 
training requirement for nonreactor nuclear facility 
operations personnel, nuclear process operators must 
complete emergency training at least annually. This course 
must be completed by nuclear operators at the nuclear 
process operators level in conjunction with the GR-CO and 
plant-specific requalification courses. In this way, the 
requalification courses will be completed one year, the 
EP/APC the next year, then the requalification courses, 
then the EP/APC, etc. In this way, nuclear process 
operators complete annual emergency training. 

Title: Waste Truck Operations Training 

Description: This course is designed to certify nuclear operators for 
transporting solid waste from various tank farm locations 
to the 200 East Area solid waste burial grounds. The course 
includes the following topics: 

• Radioactive Packaging and Shipping Requirements for 
Laundry and Waste 

• Radioactive Shipment Records 
• Protective Clothing 
• Cleanliness of Roadways and Interior Fencelines 
• Regulated Waste and Soiled Laundry Pickup. 

Delivery: Self-study and on-the-job training 

Assessment: Written test and on-the-job training checklist 

Length: Varies 

Frequency: 24 mo 
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Title: 

Description: 

Delivery: 

Assessment: 

Length: 

Frequency: 

Title: 

Description: 

Delivery: 

Assessment: 

Length: 

Frequency: 

Tank Farm Routines Training 

DOE/Rl 88-27 
Rev. 1, 01/17 /90 

This course is designed to certify nuclear operators for 
routine work in all parts of the 200 Areas tank farms. 
The course includes the following topics: 

• Surveillance 
• Ventilation Systems 
• Transfer and Routing Systems. 

Self-study and on-the-job training 

Written test and on-the-job training checklist 

Varies 

24 mo 

Computer Automated Surveillance System (CASS) Training 

This course is designed to certify nuclear operators to 
monitor the CASS for the 200 Areas tank farms. The course 
includes the following topics: 

• The CASS Operation 
- General troubleshooting 
- Troubleshooting 
- Shutdown/restart eclipse 

Changing date/time 
- Changing backup to primary 

• Emergency Response 
- Automatic temperature shutdown system/air 

Conditioner failure 
- Power outages 
- Fi re alarm 

• The CASS Routine Duties 
- Performance procedures 
- Receiving reports. 

Self-study and on-the-job training 

Written test and on-the-job training checklist 

Varies 

24 mo 
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Title: 

Description: 

Delivery: 

Assessment: 

Length: 
Frequency: 

Title: 

Description: 

Delivery: 

Assessment: 

Length: 

Frequency: 

DOE/RL 88-27 
Rev. I, 01/17/90 

Tank Farms Processing Operations Manager Certification 

This course covers the following topics: 

• Administrative information 
• Plant Technical information 
• Facility safety analysis reports 
• Operational safety requirements 
• Radiation work procedures 
• Jobs conducted in the area of assigned responsibility 
• Processes 
• Equipment. 

Self-study and on-the-job training 

Written test and on-the-job training checklist 

Varies 
24 mo 

Tank Farms Processing Operations Manager Emergency 
Procedures and Abnormal Plant Conditions Training 

This course is designed to be a review of abnormal and 
emergency conditions that could occur in the 200 Areas 
tank farms, associated alarms and communications, and 
proper responses: 

• Genera 1 
• Pl ant 
• Processes 
• Equipment. 

Self-study and on-the-job training 

Written test 

Varies 

12 mo 
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Title: 

Description: 

Grout Treatment Facility Training 

DOE/RL 88-27 
Rev. 1, 01/17/90 

This course is designed to prepare and certify 200 Areas 
tank farms nuclear operators to operate the GTF. Operations 
managers/supervisors will complete the course only 
initially. The course consists of the following topics: 

• Introduction 

• Technology 
- Introduction 
- Major technology development activities 

Waste characterization 
Grout formulation 
Performance assessment 
Regulatory interface. 

• Emergency procedures and abnormal plant conditions 
- Howler 
- Fire gong 
- Cont i nuous air monitor 
- Steady siren 
- Wailing siren 
- Crash alarm 
- Bomb threat 
- Attack by hostile forces. 

• Nonradioactive hazardous material emergency 
- Chemical hazards 
- Chemical safety 
- Dust hazards 
- Material safety data sheets 
- Loss of services 

Electrical 
Raw water 
Ventilation 
Process/instrument air system. 

• Grout process 
- Function of system 
- System overview 
- Grout mixer 
- Surge tank 
- Grout pump 
- Product quality and control. 

• . Electrical and instrumental 
- Electrical component definitions 
- Power distribution 
- Instrumentation 
- Central processing units, redundant processing units 
- Software. 
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• Ory blend feed and dust collection system 
- Ory blend feed system 
- System operation on startup, shutdown 
- Truck off-loading/loading. 

• Ventilation-radiation monitoring 
- Ventilation 
- Radiation monitoring 

• Raw water 

• Waste batch system (waste storage and feed/liquid
collection tank} 

- Waste feed system 
- Liquid-collection tank 

• Waste treatment 
- Additive system 
- pH system 

• Instrument air system 

• Sample acquisition and handling 

• Material/equipment removal/placement 

• Decontamination system 

• Grout line cleaning system 

• System walkthrough 

• Cold run training. 

Nuclear operators assigned to the GTF and Grout Support 
Operations managers and supervisors. 

Classroom, self-study,and on-the-job training 

Written test and on-the-job training checklist 

Initial: 19 h of classroom; 120 h of on-the-job training-
varies with recertification 

24 mo 
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• 1 Title: Phase I, Site-Generic Training 
2 

•• 

3 Description: Phase I certification training covers general information 
4 about nuclear processing operations. The following topics 
5 are covered: radiological controls, accident prevention 
6 standards, company policies, environmental protection, 
7 packaging and shipping of hazardous materials and 
8 radioactive waste, engineering procedures (configuration 
9 control, operating document control, and design media 

10 control), and selected quality assurance procedures. 
11 
12 Target Audience: Process engineers 
13 
14 Delivery: Classroom 
15 
16 Assessment: Written test 
17 
18 . Length: Varies 
19 
2 Frequency: N/A 
21 
22 
23 
24 
25'-) Title: Phase II, Plant-Specific Training 
26 
27 Description: Phase II certification training covers generic information 
28 for a specific operating facility, in this case 200 Areas 
2 tank farms. The following topics are covered: plant 
30 processes, plant utilities, etc. 
31 
32. Target Audience: Process engineers assigned to support.200 Areas tank farms 
33 
3 Delivery: Self-study 
35 
36 Assessment: Written test and oral walkthrough 
37 
38 Length: Varies 
39 
40 Frequency: 24 mo 
41 
42 
43 
44 
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Title: Phase III, Process-Specific Training 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Description: Phase III certification training covers detailed information 
on specialized areas within a given facility or plant, in 
this case the GTF. Topics to be covered include details 
of the following: 

• Process flowsheet 
• Operating specifications 
• Process equipment 
• Operating procedures. 

Target Audience: Process Engineers assigned to support the GTF 

Delivery: Self-study 

Assessment: Written test or oral walkthrough 

Length: Varies 

Frequency: 24 mo 

Title: Tank Farm Plant Engineering Emergency Procedures and 
Abnormal Conditions Training 

Description: This course is designed to prepare engineers to be able to 
recognize abnormal and emergency conditions that might 
occur in the 200 Areas tank farms, associated alarms and 
communications, and proper responses. The following topics 
are presented: 

• Emergency procedures 
• Abnormal conditions and responses 
• Facility status 
• Criticality prevention standards 
• Desk instructions 
• Facility/assigned area familiarity 
• Operating procedures, operational specification 

Requirements, safety analysis reports for packaging , 
and instrument engineering flow diagrams 

• Unusual/off-normal documentation. 

Target Audience: Process engineers assigned to support 200 Areas tank farms 

Delivery: Self-study 

Assessment: Written test 

Length: Varies 

Frequency: 12 mo 
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Title: 

Description: 

Delivery: 

Assessment: 

Length: 

Frequency: 

Title: 

Description: 

DOE/RL 88-27 
Rev. 1, 0 1/ 17 /90 

Junior Radiation Protection Technologist Certification 

Course consists of the following topics: 

• Academics 
• Radiation protection practices 
• Emergency response 
• Radiation safety 
• Criticality safety 
• Industrial safety 
• Practical exercises 

- Dress/undress 
- Establishing radiation areas and control points 
- Surveying radiation generating machines 
- Release surveying 
- Estimating exposure 
- Detailed radiological survey. 

Classroom 

Written test 

Approximately 170 h 

N/A-The junior radiation protection technologist must 
complete the radiation protection technologist certification 
within 15 to 18 mo of this course completion. 

Junior Radiation Protection Technologist 
General On-the-Job Training 

Course includes the following topics: 

• Manuals 
• Records and reports 
• Exposure control 

- Dosimetry 
- Survey techniques. 

• Instrumentation 
• Qualitative respirator fit 
• Routine radiological control 
• Job planning 

- Radiological postings 
- Hazards analysis. 

• Abnormal conditions and emergencies 
- Criticality 
- Radiation area injuries 
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21 
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33 
34 
35 
36 
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38 
39 
40 
41 
42 
43 

Delivery: 

Assessment: 

Length: 

Frequency: 

Title: 

Description: 

Delivery: 

Assessment: 

Length: 

Frequency: 

- Personnel decontamination 
- Radioactive spills 
- Area evacuation 

DOE/RL 88-27 
Rev. 1, 01/17/90 

- Continuous air monitor alarm response. 

On-the-job training 

On-the-job training checklist 

Up to 200 h 

48 mo 

Junior Radiation Protection Technologist 
200 East Area Tank Farms On-the-Job Training 

Course includes the following tasks: 

• Decontamination and decommissioning 
• 204 AR (tank car facility) 
• 702A building (filter changes) 
• Cars 33 and 38 
• 242 A general monitoring and applicable routines 
• Isolation and stabilization monitoring 
• High efficiency particulate air (HEPA) filter change 
• Tank farm construction coverage · 
• Routine tank farm coverage. 

On-the-job training 

On-the-job training checklist 

Up to 200 h 

48 mo 
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Radiation Protection Technologist Certification 

Course consists of the following topics: 

• Academics 
• Radiation protection practices 
• Radiological work planning and briefing 
• Radiation safety 
• Criticality safety 
• Emergency response 
• Practical exercise--radiation detection 

Instrumentation. 

Classroom 

Written test 

Approximately 168 h 

N/A--The radiation protection technologist must complete 
the senior radiation protection technologist certification 
within 15 to 18 mo of this course completion. 

Radiation Protection Technologist General On-the-Job 
Training 

Course includes the following topics: 

• Manuals 
• Records and reports 
• Exposure control 

- Dosimetry 
- Survey techniques. 

• Instrumentation 
• Qualitative respirator fit 
• Routine radiological control 
• Job planning 

- Radiological postings 
- Hazards analysis. 

• Abnormal conditions and emergencies 
- Criticality 
- Radiation area injuries 
- Personnel decontamination 
- Radioactive spills 
- Area evacuation 
- Continuous air monitor alarm response. 
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1 Delivery: On-the-job training • 2 
3 Assessment: On-the-job training checklist 
4 
5 Length: Up to 200 h 
6 
7 Frequency: 48 mo 
8 
9 

10 
11 
12 Title: Radiation Protection Technologist 
13 200 East Area Tank Farms On-the-Job Training 
14 
15 Description: Course includes the following task: 
16 
17 • Monitoring for rigging crew activities 
18 

I - 19 Delivery: On-the-job training 
20 

( 21 Assessment: On-the-job training checklist 
22 
23 Length: Up to 200 h 
24 ,,. 
25 Frequency: 48 mo 
26 
27 
28 
29 
30 
31 Title: Senior Radiation Protection Technologist Cert ifi cation 
32 
33 Description: Course consists of the following topics: 
34 
35 • Academics 
36 • Radiation protection practices 
37 • Emergency response 
38 • Radiation safety 
39 • Criticality safety 
40 • Radiological problem solving 
41 • Practical exercises . 
42 
43 Delivery: Classroom 
44 
45 Assessment: Written test 
46 
47 Length: Approximately 168 h 
48 
49 Frequency: 24 mo 
50 
51 • 
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Title: 

Description: 

Delivery: 

Assessment: 

Length: 

Frequency: 

Title: 

Description: 

Delivery: 

Senior Radiation Protection Technologist 
General On-the-Job Training 

Course includes the following topics: 

• Manuals 
• Records and reports 
• Exposure control 

- Dosimetry 
- Survey techniques. 

• Instrumentation 
• Qualitative respirator fit 
• Routine radiological control 
• Job planning 

- Radiological postings 
- Hazards analysis. 

• Abnormal conditions and emergencies 
- Criticality 
- Radiation area injuries 
- Personnel decontamination 
- Radioactive spills 
- Area evacuation 

DOE/RL 88-27 
Rev. 1, 01/17/90 

- Continuous air monitor alarm response. 

On-the-job training 

On-the-job training checklist 

Up to 200 h 

48 mo 

Radiation Protection Technologist On-the-Job Training-
Emergency Procedures and Abnormal Plant Conditions 

The course alternates from year-to-year between classroom 
training and testing, and on-the-job training and on-the
job training checklist. The topics include: 

• Continuous air monitor alarm 
• Contamination spread 
• Personnel decontamination 
• Criticality alarm 
• Chemical spill or problem 
• General emergencies (e.g., fire) . 

Classroom or on-the-job training 
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Assessment: Written test or on-the-job training checklist 

Length: Varies 

Frequency: 12 mo 

Title: Grout Equipment Checklist for Maintenance Personnel 

Description: The course consists of a walkthrough, which is designed to 
acquaint designated maintenance personnel with the facili
ties, equipment, instrumentation, and other items so they 
will be able to locate, identify and be able to provide 
proper maintenance support for the grout facilities. 

Target Audience: Maintenance personnel assigned to support the GTF 

Delivery: Physical walkthrough 

Assessment: N/A 

Length: Varies 

Frequency: N/A 

Title: Texas Instrument 520/530 Programmable Controller 
Orientation 

Description: The course consists of an overview of programmable con
troller and process interface, components of a programmable 
controller and the function of each component . 

Target Audience: Electricians, instrument technicians, maintenance managers, 
supervisors, and plant engineers assigned to support the 
GTF. 

Delivery: Classroom and video 

Assessment: N/A 

Length: 4 to 8 h 

Frequency: N/A 
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24 
2 
26 
27 
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10. 
31 
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33 

4 
15 
36 
37 
38 
39 
40 
41 

Title: 

Description: 

Target Audience: 

Delivery: 

Assessment: 

Length: 

Frequency: 

Title: 

Description: 

Target Audience: 

Delivery: 

Assessment: 

Length: 

Frequency: 
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Uninterruptible Power Supply (UPS) Orientation 

Course consists of an overview which will identify the 
location of the GTF UPS system, why a UPS system is 
essential, and identification of the components of the UPS 
system. 

Electricians, instrument technicians, maintenance managers, 
supervisors, and plant engineers assigned to support the GTF 

Classroom 

N/A 

1 h 

N/A 

Variable-Speed Drive Orientation 

Course consists of an overview of the components of and 
various applications of the Westinghouse Accutrol 300 Vari 
Speed Drive Unit. 

Electricians, instrument technicians, maintenance managers, 
supervisors, and plant engineers assigned to support the 
GTF. 

Classroom 

N/A 

2 h 

N/A 
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Lock and Tag Orientation for Tank Farms Maintenance 
Personnel 

Two lock and tag procedures are reviewed with identified 
200 Areas tank farms maintenance personnel: 

• Westinghouse Hanford procedures 
• Plant-specific procedures. 

Classroom 

N/A 

1 h 

N/A 
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ENVIRONMENTAL AND HAZARDOUS MATERIAL 

SAFETY TRAINING 

Course 
name 

Hazard Communication 
and Waste Orientation 

Generator Hazards Safety 
Training 

Hazardous Materials/ 
Waste Job-Specific 
Training 

Course 
number 

02006B 

02006G 

02006H 

Initial Radiation Worker 020001 
Training 

Course 
description 

This course provides an overview 
of the federal and Westinghouse 
Hanford Company hazard 
communication programs and 
hazardous waste disposal. 
Note: The requirements for this 
training also are satisfied by 
course number 02006A or 02006G. 

This course provides the hazardous 
material/waste worker with the 
fundamentals for use and disposal 
of hazardous materials. 

This course provides specific 
information on hazardous 
chemicals and waste management 
at the employees' facility. 

This course provides radiation 
workers with the fundamentals of 
radiation protection and the 
proper procedures for maintaining 
exposures as low as reasonably 
achievable. 

10 
1 
12,. 
13 • Waste Site-Basic 020101 This course provides required 

information for the safe operation 
of hazardous waste treatment, 
storage, and disposal facilities 
regulated under 40 CFR 264 

14 
15 
16 
17 
18 
19 
20 
21 
22 

• 
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{EPA 1988b) pursuant to the 
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23 Scott "SKA-PAK" Training-
24 SKA 
25 
26 
27 
28 
29 
30 
31 
32 Cardiopulmonary 
33 Resuscitation (CPR) 
34 
35 
36 
37 Fire Extinguisher Safety 
38 
39 
40 

1 Waste Site-Advanced 
2 
3 
4 
5 
6 
7 
8 
9 

10 . 
11 
12 
13 
14 
15 
16 
17 
18 Waste Site Field 
19 Experience 
20 
21 

1 Hazardous Waste Shipment 
2 Certification 
3 
4 
5 
6 

020032 

0200123 

02006F 

020201 

020202 

02006S 
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This class is designed to instruct • 
employees in the proper use of 
the Scott "SKA-PAK" for entry, 
exit, or work in conditions 
invnediately dangerous to life 
and health and to instruct 
employees to recognize and handle 
emergencies. 

This American Heart Association 
course provides certification in 
CPR for the single rescuer -
(Heartsaver Course). 

This course is a videocassette 
presentation that covers types 
of portable fire extinguishers 
and the proper use for each. 

This course provides employee and 
environmental safety information 
for Resource Conservation and 
Recovery Act of 1976 and/or 
Comprehensive Environmental 
Response, Compensation and 
Liability Act of 1980 operations 
and sites. Topics include · 
regulations and acronyms, 
occupational health and safety, 
chemical hazard information, 
toxicology, personal protective 
equipment and respirators, site 
safety, decontamination, and 
chemical monitoring 
instrumentation. 

This course provides 3 days of 
field experience under the direct 
supervision of a trained, 
experienced supervisor. 

This course takes an in-depth 
look at federal, state, and 
company requirements for 
nonradioactive hazardous waste 
management and transportation. 

• 
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Certification of 
Hazardous Material 
Shipments 

Hazardous Waste Site 
Supervisor/Manager 

020059 

TBD 

REFERENCES 
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This course provides training in 
the U.S. Department of 
Transportation hazardous material 
regulations, as required by law, 
to those who certify the 
compliance of Hanford Site 
hazardous material shipments. 
The main focus will be on the 
proper preparation and release 
of radioactive material shipments. 

This course provides specialized 
training for operation/site 
management and supervision in 
the following Westinghouse Hanford 
Company programs: safety and 
health, employee training, 
personal protective equipment, 
spill containment, and health 
hazard monitoring procedures and 
techniques. 

EPA, 1988a, Interim Status Standards for Owners and Operators of Hazardous 
Waste Treatment, Storage, and Disposal Facilities, Title 40, Code of 
Federal Regulations, Part 265, as amended, U.S. Environmental Protection 
Agency, Washington, D.C. 

EPA, 1988b, Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities, Title 40, Code of Federal Regulati ons, 
Part 264, U.S. Environmental Protection Agency, Washington, D.C. 
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Section 
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15. 

CALIBRATION PROCEDURES AND FREQUENCY FOR TEST EQUIPMENT 
ANALYTICAL PROCEDURES 
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INTERNAL QUALITY CONTROL CHECKS 
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PREVENTIVE MAINTENANCE 
SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION, 
ACCURACY AND COMPLETENESS 
CORRECTIVE ACTION 
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RECORDS 
PROCUREMENT CONTROL 
STAFF TRAINING 
SOFTWARE CONTROL 
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3 
2 
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Modifications or revisions to this QA Project Plan are discussed in Section 
23, Document Control. 
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This quality assurance (QA) project plan applies to Pacific Northwest 
Laboratory (PNL) Resource Conservation and Recovery Act (RCRA) ground-water 
monitoring projects staffed by members the Environmental Assessment 
Department of the Earth and Environmental Sciences Center. The PNL Office of 
Hanford Environment progra11111atically oversees the work. The QA program . 
described here was developed to address both U.S. Environmental Protection 
Agency (EPA) QAMS-005/80, Interim Guidelines for Pre arin ualit Assurance 
Project Plans, and DOE Orders 5700.lA an 5700.6B. It a so a resses QA 
requirements specified in Article 30 of the Hanford Federal Facility 
Agreement and Consent Order. This QA Project Plan refers to PNL's Quality 
Assurance Manual, PNL-MA-70, and associated administrative procedures 
contained in the manual. PNL-MA-70 is based on the 18 elements for a QA 
program presented in ANSI/ASME NQA-1, Quality Assurance Program Requirements 
for Nuclear Facilities. 

United States Testing Company, Incorporated (UST) will serve as the primary 
analytical laboratory. UST's QA Program is documented in UST-RD-QA,~ 
Manual, and UST-RD-QC, QC Manual. 
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Page 1 of 3 

This QA project plan is intended to address all of the various types of 
activities that PNL RCRA ground-water monitoring projects might potentially 
perform. Not all projects will necessarily perform all the activities. A 
detailed description of each specific ground-water monitoring project must be 
included in the respective Project Management Plan (PMP) or Ground-Water 
Monitoring Plan (GWMP). 

The PNL RCRA ground-water monitoring projects have been developed as 
described at 40 CFR 265, Subpart F, and Washington Administrative Code (WAC) 
173-303-400 to establish interim status ground-water monitoring programs. 
Applicable elements of the EPA RCRA Ground Water Monitorin Technical 
Enforcement Guidance Document (TEGD are ,ncorporate. 

4.1 Objectives 

The objectives of PNL RCRA ground-water monitoring projects are to 

• characterize the stratigraphy and the horizontal and vertical 
ground-water flow components beneath specified sites, focusing on 
the uppermost unconfined aquifer, and determine the rate of ground
water flow 

• · determine if any statistically significant amounts of hazardous 
waste constituents that originate at the specified sites are 
detectable in the ground water. 

4.2 Approach 

The technical approach for meeting the objectives of Section 4.1 shall be 
documented in each specific PMP or GWMP as previously indicated. 

Typically, new ground-water monitoring wells must be constructed. The 
functional design and construction standards for these wells meet the minimum 
requirements of WAC 173-160, 11 Minimum Standards for Construction and 
Maintenance of Wells, Part Three-Resource Protection Wells 11

• These standards 
are implemented through well construction specifications, which are issued by 
Westinghouse Hanford Company. 

Subsurface soil samples are obtained during drilling at each location for 
determination of stratigraphy. Selected samples are submitted to a PNL 
laboratory for analyses to determine physical and chemical parameters. The 
method or reason for selecting specific samples for additional physical or 
chemical analysis must be described in the PMP or GWMP. Selection should 
ensure sample representativeness and avoid bias. 
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Ground water samples will be collected and analyzed quarterly for 1 year 
from all new and from selected existing monitoring wells. Samples will be 
collected and analyzed semiannually after the first year. 

Statistical evaluation of the sample analyses will provide an indication of 
whether hazardous constituents are significantly affecting the ground water. 
As a minimum, the requirements of 40 CFR 265.93(b) must be applied to 
determine if statistically significant increases take place. Other methods 
may also be used at the discretion of the PNL Statistician. 

4.3 Monitoring Parameters 

As a minimum, samples will be collected and analyzed for the constituents 
listed in Exhibit 4.1, as required by 40 CFR 265, Subpart F, by the following 
schedule. Unless otherwise noted in project planning documents (i.e., PMP, 
groundwater monitoring plan), samples to be analyzed for all of these 

~ constituents will be collected quarterly for the first year of monitoring. 
Following the first year of monitoring, the ground-water contamination 
indicators will be analyzed semiannually and ground-water quality parameters 
annually. Additional site specific parameters to be analyzed for shall be 
identified in the PMP or GWMP. 

EXHIBIT 4.1. Ground-Water Sampling Parameters 

Interi• Drinking later Standards 

Arsenic 
Bariu• 
Cad• iu• 
Chro• iu• 
Fluoride 
Lead 
Mercury 
Nitrate 
Seleniu• 
Si Iver 
Endrin 

Lindane 
Methoxych I or 
Toxaphene 
2,•-0 
2,•,S-TP Si I vex 
Radiu• 
Gross alpha 
Gross beta 
Turbidity (surface water) 
Colifor• bacteria 

Ground-later Quality Para•eters 

Chloric!• 
Manganese 
Sodiu• 

Iron 
Phenols 
Sulfate 

Ground-later Conta• ination Indicator Para•eters 

pH 
Total organic carbon 

Specific conductance 
Total organic halog•n 
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4.4 Change Control (Scope, Schedule, Budget) 
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Section No. 4 
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Requests for changes in project scope, schedule or budget from that in the 
PMP (other than changes in the sampling site, frequency, or parameters) must 
be fonnally made by letter. A Change Request/Record and Change Control Log 
must be used by the project manager to document changes in scope, schedule, 
or budget. Changes in the sampling site, frequency of sampling, or 
parameters to be analyzed for are discussed in Section 7.5 of this QA project 
plan. 
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5.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 
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Section No. 5 
Page 1 of 4 

Line authority, quality assurance authority and support within PNL, and 
interfaces with Westinghouse Hanford Company (WHC) and the U.S. Department of 
Energy, Richland Operations Office (DOE-RL), are shown in Exhibit 5.1 •. The 
responsibilities of key PNL personnel are summarized in Table 5.1. 

Changes to organizational/interface structures shown in Exhibit 5.1 that do 
not reflect a change in the overall scope of the activities or a change of 
requirements will not require a QA project plan revision but will be 
incorporated in the next required revision of the QA Project Plan. 
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EXHIBIT 5;1. Project Interfaces 

PII. 

Pacific Northwest 
Laboratory 

IR liley, Office 
of the Director 

DOE-II. I 

Office of Assistant I I 

~Manager for Safety, Laboratory Quality Prograa 
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Section No. 5 
Page 2 of 4 

' HC 

Environ•ent and, Security Progr•u FC Hood, ••• •••••••••••••• ••••••••• 
JJ Keating, 

'- Assistant Manager 
JTA !Wlert• Director 

... 
Sifety and Environ•ent Office of Hanford Earth a E'nv i ronnnta I 

Division ~ E'nvironaent Sciences Center et Holten, Director RH Gray, llan•ger JI F1 lco, Manager 
' Tiernan, Br . Chief (acting) 

I 
E'nv i ronaenta I 

I 
Assenwlt Depart.•ent Proc ... Quality 
n Penne 11, M•n•ger Dep• rt.•ent - I 

GA Stu111ia, llan•ger 

Site Characterization 
Section Qua I ity Engineering 

PQ Doctor, lllnager Group l.Ader 

V 
I 

JI Saith 

Crouncl-later and < Quality Engineer 
Coapl i•nce IIDnitoring = RCRA Ground-later DR D•hl 

115 H•nson, M•n•ger Monitoring Project 
(acting) 

• 

___ Line llanage•ent Guidance ••••••••••• IHC QA Interface 

(((((((( PNL Project QA Support 

===--For• al Client Technical Interface 
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Personnel 

TABLE 5.1. Responsibilities of Key Personnel 

Responsibilities 

Office of Hanford 
Environment (OHE), Ground
water and Compliance 
Monitoring Manager 

Provides the formal interface between the PNL 
Project Manager and both the DOE-RL Program 
Monitor and the WHC Geosciences Manager. Also 
manages and integrates cost, scope, and schedule. 

Site Characterization Provide management review of project. 
Section and Environmental Assure appropriate and qualified staff are 
Assessment Department Mgrs. available. 

Project Manager 

Quality Engineering 
Group Manager 

PNL Site Geologists/ 
Hydrologists 

Field Sampling Staff 

Provides overall direction of the project at PNL 
and day-to-day activities necessary to accomplish 
all project objectives. Ensures that the QA 
project plan is prepared and adhered to and that 
data, QA information, and reports are produced in 
a timely manner. Has direct contact with the PNL 
Quality Engineer. 

Provides for independent quality assurance 
reviews, surveillances, and data quality and 
traceability audits. Is responsible for 
reviewing and has sign-off authority for QA 
project -plans. 

Support well construction activities, 
characterize sediment samples, perfonn 
inspection function, document well construction 
and completion, perfonn and document aquifer 
tests and sampling pump installation. 

Perform sampling and testing activities in 
accordance with methods in PNL-MA-567 and this QA 
project pl an. 

Data Management Task Leader Ensures correct entry of data into the Hanford 
Ground-Water Data Base (HGWDB) and maintains the 
database. 

Quality Control (QC) 
Task Leader 

Coordinates all QC activities including 
the scheduling, preparation, and submittal of QC 
samples to UST and various PNL laboratories, and 
evaluates the results. Interacts with the 
Project Statistician, and Sample Analysis and 
Data Handling Task Leaders to investigate suspect 
results. Monthly, prepares a report of tne QC 
Task activities for each Project Manager. 
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Personnel 

Sample Analysis and 
Coordination Task Leader 

Sample Collection Task 
-· Leader 

Sample Preparation 
Task Leader 

Project Statistician 

Quality Engineer 

TABLE 5.1 (continued) 

Responsibilities 

Section No. 5 
Page 4 of 4 

Coordinates and implements ground-water 
monitoring sample and analysis plans. Is 
responsible for maintaining document files 
(chains-of-custody, sample analysis requests, 
analytical report data), and facilitating data 
reviews as needed. Acts as liaison with P.NL 
subcontract administration and between PNL and 
subcontract laboratory. 

Manages all field aspects of sample collection, 
ensures sample collection personnel are kept 
current in the procedures, investigates suspect 
results, and reviews field records. 

Is responsible for procuring sample containers 
and preservatives, preparing the containers, 
labelling the containers, and preparing chain-of
custody and Field Record sheets. 

Ensures that required interim status detection 
monitoring statistical analyses are performed. 
Provides statistical support to other personnel 
as needed. Reviews chemistry data as it comes in 
for consistency with other pertinent data and 
information. 

Provides QA support in such areas as QA 
requirement interpretation, external audi~ 
preparation, QA project plan development or 
revision, document review, and interfacing with 
client QA personnel. Also provides independent 
oversight to verify project activities are being 
performed consistent with applicable 
requirements identified in this QA project plan. 
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The characteristics used to define data quality are accuracy, precision, 
completeness, comparability, and representativeness. The definitions used 
for accuracy and precision terms are those contained in EPA QAMS-005/80, 
Appendix A. The completeness definition to be used will be: 

Completeness,%= Number of Valid Data Points Acquired 
Total Number of Data Points Planned 

X 100 

Data quality objectives (DQOs) for accuracy, prec1s1on, and completeness are 
shown in Tables 6.1 and 6.2. Water chemistry accuracy objectives are 
expressed in terms of an acceptable range of recovery and precision 
objectives in terms of percent relative precision (except where noted). Any 
DQOs for project-specific constituents not included in the tables must be 
included in the PMP or GWMP. 

Representativeness and comparability of data must be discussed, when 
appropriate, in deliverable reports. 

The precision and accuracy objectives specified in Table 6.2 are based on 
standard method performance information, when available, and historical 
laboratory performance. For some methods, this information was not 
available; an N/A is marked in the summary tables. As additional analytical 
results are compiled this information will be completed. 

TABLE 6. 1. Data Quality Objectives for Sampling 

lileasure•ent Para•eter Accuracy Precision Co•pleteness 

later Che• istry See Table 6.2 See Table 6.2 981 

Hydrologic Testing 
• flow rate :t 11 I :t 11 I 811 per log cycle 
• depth to water (testing) :t ,us ft :t 1.14 ft 811 per log cycle 
• well dia•eter :t 1.11 ft :t I.Ill ft 1111 I 
• distance between wells :t 5 I :t 5 I 1111 I 
• wel I depth :t 1 ft :t 1.1 ft lH I 
• ti •e (11 • in :t 5 sec :t 5 sec lH I 

)11 • in :t 1 I 

Depth to later (sa•pling)(a) :t 1.82 ft :t 1.12 ft 1111 I 

lell Develop• ent : 
• turbidity :t greater of 28 I :t greater of 11 I N/A 

or 1 NTU/lH•L or 1.5 NTU/181 • I 

Surveyed Casing Elevation(a) :t 8.84 ft :t 1.12 ft 1181 

Sedi •ent Analyses: 
• scale(s) :t 8.82 g :t 1 I (b) 1181 
• ca I iper(s) :t 8.825 1• :t 1 I (b) 11111 
• pressure gauge :t 8.81 bar :t 1 I (b) 1111 
• hydro•eter :t lg col loids/L :t 2 I (b) 1111 

(a) relative to National Geodetic Survey or Hanford facility datu• 
(b) of full scale 
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TABLE 6 . 2 

DATA QUALITY OBJECTIVES 
LAB RS=ERENCE RANGE OF Ra.ATIVE SAMPLE BDTn.E lll.lll:R 

DESCRIPTION CODE IEl'HOD I IEO'IERY I PREISIDN REF89CE SIZE TYPE BDTll.B PRESERVATIVE 

1 IETAL.S 

ICP liletala 728 8111 SI 76-125 :t211 8111 SI ll PIC 1 HN03 
ICP liletals(f)741 8111 SI 75-125 :t211 8111 SI ll PIC 1 HN03 
Arsenic A21 7181 SI 75-121 ±151 218 .2 EPA/H ll PIC 1 HND3 
lilercury A21 7471 SI 75-125 ±151 245.1 EPA/H 5111L GC 1 HN03 
Seleniu1 A22 n41 SI 75-115 ±151 271.2 EPA/H ll PIC 1 HN03 
Thal I iu1 A23 7841 SI 75-125 :1:381 H ll PIC 1 HN03 
Lead (<F) A51 7421 SI 75-125 ±151 239 .2 EPA/H ll PIC 1 HN03 
Arsenic (f) H37 7181 SI 75-115 ±151 286 .2 EPA/H lL PIC 1 HN03 
Mercury (f) H38 7471 SI 75-125 ±151 245.l EPA/H 5H1L GC 1 HN03 
Se I en i u1 (f) H39 n41 SI 75-116 ±151 271 .2 EPA/H lL PIC 1 HN03 
Thal I iu1(f) H41 7841 SI 76-125 :1:381 H lL PIC 1 HN03 
Lead (f) H41 7421 SI 76-125 ±151 239 .2 EPA/H ll PIC 1 HN03 
Chroaiu• VI Pll 7196/7197 SI 86-116 ±181 218.4 EPA Q 1 

2 PESTICIDES l HERBICIDES 

Puticidea 728 8181 SI See Below 8888 SI/H 21.. QA 1 

Matrix S2ikes 

Endrin (A33) 51-148 
g-BHC (A38) 51-126 

Surrogates 

DBC (Xl8) 68-146 (at least one of the 
TCMX (X18) 44-125 criteria •ust be •et) 

Pesticides 729 8181 SI See Below 8881 SI/H 21.. QA 1 
(enhanced) 

Matrix S2ikes 

Endrin (A33) 51-145 ,..,..~ 
g-BHC (A38) 51-125 
DOT (A42) 51-131 
Heptachlor (M3) 51-111 
Oieldrin (A48) 51-131 
Aldrin (M7) 51-115 

Surrogates 

D8C (Xll) 71-148 (at least one of the 
TCIIX (X18) 44-115 criteria •ust be •et) 

Phosphorus 734 8141 SI See Below 8141 SI/H 4L 1 
Pesticides 

Matrix S2ikes 

Di •etho•t.e (C85) 75-121 

Herbicides 737 8151 SI See Below 8158 SI/H QA 1 

Matrix S2ikes 

2,4-0 (H13) 71-lN 
2,4,5-T,P (ailvex) (H14) 83-111 
2,4,5-T (Hl5) 86:-117 
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TABLE 6.2 

DATA QUALITY OBJECTIVES 
LAB RS=EREMCE RANCE OF RB.ATIVE SAMPLE BOTTLE Nl.UBER 

DESCRIPTION CODE IET1IDD • REDIVERY I PRB:ISIDN REf'EREJICE SIZE TYPE IIITTlES PRESERVA 

Surr2511te 

2,4-DB (X14) 75-128 

3 VOLATILE ORGANICS OCfllS 

Volatile 731 8241 SI See Below 8248 SI/H 48eL GA/S 2 
Organics (VOA's) 

Matrix S(!ikes 

Benzene (A82) 51-125 
Toluene (A88) 65-148 
Tricene (A69) 71-141 
Chlorobenzene (A78) 58-145 
Dicethy (A92) 5-151 

..0 Surr2S1ates 

12DCAD4 (X17) 76-114 
TOLUD8 (X88) 88-111 
IFS (X89) 86-115 

VOAs 731 8241 SI See Below 
Targeted (738) 

8248 SI/H 41 •L GA/S 2 

• non Targeted 

Matrix S(!ikes 

Benzene (A62) 51-125 
Toluene (A66) 85-148 
Tricene (A69) 71-148 
Chlorobenzene (A78) 51-145 
Di cethy (A92) 5-151 

Surr!!91tes 

12DCA04 (Xl7) 78-114 
TOLUD8 (X88) 88-118 
IFB (X89) 88-115 

VOAs 751 8241 SI See Below 
Additional Targeted 

8248 SI/H 41 •L GA/S 2 

• non-Targeted Cepds . 

Matrix S(!ikes 

Benzene (A62) 51-125 
Toluene (ABB) 65-141 
Tricene (A89) 71-141 
Chlorobenzene (A78) 51-145 
Dicethy (A92) 6-151 

Surr!!9ates 

12DCA04 (Xl7) 78-114 
TOLU08 (X88) 88-111 
IFS (X89) 88-115 • 
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TABLE 6 .2 

DATA QUALITY OBJECTIVES 
RANGE OF RB.ATIVE 

PTION EOVBff I PRECISION REffRENCE 

4 VOLATILE ORGANICS b! QC 

VOA by QC 749 8111 SI See Below 8811 SI/H 

Matrix Sl!iku 

Chlorofoni (l.34) 81-131 
1, 1-DCL (l.38) 47-115 
Triceln (L43) 51-138 

5 SEMI VOLATILES 

A/B/Na 732 8271 SI See Below 8278 S1/H 

Matr ix Sl!ikes 

P-Chloro-1-cresol (948) 58-125 
2-Chlorophenol (949) 45-121 
Di-n-butyl Phthalate (988) 25-111 
p-Dichlorbenzene (863) 21-115 
2,4-Dinitrotoluene (B88) 48-131 
Di-n-propylnitrosa• ine (B85 21-185 
p-nitrophenol (Cl3) 5-138 
Pentachlorophenol (C28) 38-141 
1,2,4-Trichlorobenzene (C43 44-138 
Pheno I (C57) 35-118 
Acenaphthene (129) 47-121 
Pyrene (132) 58-115 

Surr2S11tu 

2FLPHEN (Xll) 48-188 
PHENDe (Xl2) 35-111 
NITBN2 (Xl3) 35-114 
2FLBIPH (X84) 43-118 
248TRI (XIS) 11-123 
TERD14 (XIB) 33-141 

A/B/Na 733 8271 SI See Below 8278 S1/H 
Targeted (732) 
• non-Targeted Capda . 

Matrix Sl!iku 

P-Chloro-• -cresol (948) 51-125 
2-Chlorophenol (949) 45-121 
Di-n-butyl Phthalate (881) 25-111 
p-Dichlorbenzene (983) 21-115 
2,4-Dinitrot.oluene (B81) 41-131 
Di-n-propylnitroaa• ine (B85 21-185 
p-nitrophenol (C13) 5-131 
Pentachlorophenol (C28) 31-141 
1,2,4-Trichlorobenzene (C43 44-131 
Pheno I (CS7) 35-111 
Acenaphthene (129) 47-121 
Pyrene (132) 58-115 
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TABLE 6.2 

DATA QUALITY OBJECTIVES 
LAS REFERENCE RANGE OF RELATIVE SAMPLE 

DESCRIPTION CODE IEJHOI) I REtOVERr I PRECISION REFB9CE SIZE PRESERVATIVE 

Syrr!!!aates 

2FLPHEN (Xll) 48-118 
PHENDe (Xl2) 35-111 
NITBN2 (Xl3) 35-114 
2FLSIPH (Xl4) 43-118 
248TRI (XIS) 11-123 
TERD14 (XIIS) 33-141 

A/B/Ns 761 8271 SI See Below 82711 SI/H 21.. 1 
Additional 
Targeted• non-
Targeted C.pds. 

Matrix Sl!ikes 

P-Chloro-• -cresol (848) 51-12S 
2-Chlorophenol (849) 46-121 
Di-n-butyl Phthalate (BISI) 2S-111 
p-D i ch I orbenzene (883) · 21-11S 
2,4-Dinitrotoluene (888) 48-131 

"" Di-n-propylnitrosa• ine (885 28-186 
p-nitrophenol (C13) 6-1311 
Pentachlorophenol (C28) 311-1411 
1,2,4-Trichlorobenzene (C43 44-138 
Pheno I (C67) 36-118 
Acenaphthene (129) 47-128 
Pyrene (132) 68-11S 

Surrogates 

2FLPHEN (Xll) 48-188 
PtfENDe (Xl2) 35-1111 
NITBN2 (X83) 35-114 
2FLBIPH (Xl4) 43-118 
248TRI (XIS) 111-123 
TERD14 (Xl8) 33-141 

8 MISC . ORGANICS 

Thiourea(enh) 727 83311 SI 88-186 ±281 H 411 •L CA/S 1 
PCBs 739 88811 SI See Below 88811 SI/H 2 L CA 1 

Surr29ates 

DBCPCB (X15) 71-148 
TCMX (X18) 71-135 
TCMXPCB (X17) 44-12S 

Ethylene Glycol C81 - 76-125 ±281 H 48 •L G 1 
Hydrazine ~) H82 D1386 A 86-1115 ±181 01385 ASTM 251 •L CA/S 2 HCI 
PCDD's etc. 762 8281 SI See Below 8288 SI/H 

Surr!!!aates 

Cll.OR037 (XU) 41-141 

Thiourea A24 8331 SI 81-116 ±281 411 •L CA/S 1 
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TABLE 6.2 

DATA gUALITY OBJECTIVES 
LAB REFEREHCE RANGE OF RB.ATIVE SAMPLE 

DESCRIPTION CODE IETHOD I REtUV8n' I PRECISION REfER8ICE SIZE 

7 INORGANIC 

Anions by IC 742 3H EPA 81-135 ±351 3111 EPA 125 •L 
Nitrate(HDL) 1165 9291 SI N/A N/A N/A 125 •L 
Cyanide C71 9811 SI 8S-182 ±1S1 33S .2 EPA 1 L 
Perchlorate C77 81-111 ~SI H 12S •L 
Sulfide C78 9131 SI 91-18S ±1S1 H 581 •L 
A•• oniu• Ion CBI D1428-D A 75-12S ~81 H 581 •L 
FI uor i de (LDL) H63 Dl179-81-B 91-11S ±111 Dl179-88-B 2S8 •L 
Ferrocyanide P89 N/A N/A N/A N/A 1 L 
Oxalate P18 N/A N/A N/A N/A 12S •L 

8 MISC . 

Conductance(lab)888 Dl12SA A N/A N/A D1125A A 258 •L 
Col ifoni 119 9131 SI N/A N/A N/A 121 •L 
Col ifor• P19 9132 SI N/A ±481 H 121 •L 
TDC C89 9168 SI 7S-121 ±111 H 258 •L 
Citrus Red C87 N/A N/A N/A 48 •L 
Total Carbon Hl8 D2579A/B A• 811-125 ±llll H 258 •L 
Total Dis . Sol. Hl7 2898 A N/A N/A N/A 508 •L 
Total Organic H42 9828 SI 75-125 ±31!1 911211 SI 258 •L 

Halogen (LDL) 
Alkalinity H58 D11878 A N/A N/A N/A 258 •L 

(• ethod B) 
Total Organic L81 681/4-84-81 75-12S ~SI H 
Halides,Extractable USEPA 
Alkalinity P14 O1867A A N/A N/A N/A 258 •L 

(• ethod A) 
pH (lab) 217 D1293 A :ii .SI :ii. lSD 9148 SI 258 al 

Biaa 
Al lowed 

9 RAD ANALYSES Uncertainty 

Gross Beta 111 9311 SI 95-185 :1.1111 H l 93111 SI 1 L 
A I pha (HDL) 112 9318 SI 81-128 :t-3111 H l 9318 SI 1 L 
Radiu• 181 9315 SI 91-111 :t-381 H 1 L 

(a) Reference Method: 

H s Deterained based on historical laboratory infor•ation . 
SI s EPA Sl-848, Test Methods for Evaluating Solid Waste, 3rd ed . 
A• Annual Book of ASTU Standards, Volu•e 11.11, 1988 
A•• Annual Book of ASTU Standards, Volu•e 11 .12, 1988 
EPA• EPA 888/4-79-121, Methods for Che• ical Analysis of later and Wastes, 

(b) Bottle Type: 

Q • glau 
GA,. uber gins 
GC • clear glass 
S • aeptu• cap 
P • plastic (polyethylene) 
PIC = plastic, white cap (precleaned) 
PBC • plutic, blKk cap (non precleaned) 
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BOTTLE IUIIER 
TYPE BOTilES PRESERVATIVE 

p 1 
p 1 
p 2 Na0H 
p 1 
p 2 Na0H, Zn Acetate 
GC 1 H2S04 
p 1 
p 1 
p 1 

p 1 
p 2 sterile 
p 2 sterile 
G 1 H3P04 
GA/S 1 
G 1 
p 1 
GA/S 2 H2S04 

p 1 

p 1 

p 1 

PBC 1 HN03 
PBC 1 HN03 
PBC 1 HN03 

1983. 
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7.0 SAMPLING PROCEDURES 

7.1 Sample Containers and Preservation 
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Bottle type and preservative for each specific parameter analyzed are shown 
in Table 6.2. This information must be included in the PMP or GWMP for 
project-specific parameters not included in Table 6.2. · 

Precleaned sample containers must be used to collect ground-water samples 
. that will be analyzed for hazardous chemical constituents. Coliform.sample 

containers shall be sterile. Containers used for the collection of 
groundwater to be analyzed for radiochemical constituents do not have to be 
precleaned to EPA protocols by the manufacturer. 

Certifications or chemical analytical reports attesting to the cleanliness of 
precleaned containers are required except for radiological and sterile 
(coliform) sample containers. This documentation must be received·and found 
to be acceptable by the PNL Quality Control Group before container use. 
Pending receipt of this documentation and its acceptance, affected sample 
containers must be segregated to prevent inadvertent use. Certifications and 
chemical analytical reports received for precleaned containers must be 
maintained in Sample Preparation Task files. 

A log of preservatives used must be maintained. The log, as a minimum, must 
identify the preservative, manufacturer, lot or batch number (if available), 

· and date bottle was opened. 

The purchase order number must be stamped on boxes containing precleaned 
sample containers upon initial receipt. Precleaned bottles must be kept in 
these stamped boxes until use unless each individual bottle is labeled with 
the lot or purchase order number. 

See also Section 19.1. 

7.2 Water-Level Measurement Before Sampling 

Before purging wells, the static water level must be measured in accordance 
with PNL-MA-567 procedure WL-1, Water-Level Measurement Procedure (provided 
the well is not instrumented with an automatic water-level measurement 
device). For instrumented wells see WL-1. 

7.3 Ground-Water Sample Collection 

Ground-water samples shall be collected in accordance with PNL-MA-567 
Procedure GC-1, Ground-Water Sample Collection Procedure. Ground-water 
samples requiring filtration, as indicated on the sample container label (see 
PNL-MA-567 procedure GC-1, Figure 1) shall be filtered during sampling in 
accordance with PNL-MA-567 Procedure GC-2, In-Line Sample Filtration 
Procedure. 
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7.4 Sediment Sample Collection During Drilling Operations 
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Sediment samples shall be collected in accordance with PNL-MA-567 Procedure 
00-1, Collection and Documentation of Borehole Samples and Well Construction 
Data and/or PNL-MA-567 Procedure 00-2, Split-Barrel Auger Sediment Sampling. 

7.5 Changes to the Monitoring Program 

Planned changes to the sampling and analysis schedules must be verbally 
agreed upon by the PNL project manager and the Westinghouse Hanford Company 
(WHC) contact for the facility. The change must be documented, including as 
a minimum 1) the effective date of change and 2) the reason for the change, 
on Contact Memorandum forms. These forms shall be included in the monthly 
report. Justification for modifications to monitoring programs shall be 
documented. 

The PNL Sample Analysis and Coordination Task Leader must be notified of 
changes in the ground-water monitoring program in accordance with PNL-MA-567 
Procedure AD-3, Modifications to Field Sampling Program . 
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8.0 SAMPLE CUSTODY AND FIELD DOCUMENTATION 

8.1 Water Sample Chain-of-Custody 

The chain-of-custody of ground-water and quality control samples submitted 
for analysis shall be controlled in accordance with PNL-MA-567 Procedure 
AD-2, Ground-Water Sample Chain-of-Custody Procedure. 

8.2 Sediment Sample Chain-of-Custody 

The chain-of-custody of sediment samples submitted for radionuclide and 
hazardous constituent analysis shall be controlled in accordance with PNL-MA-
567 Procedure AD-4, Sediment Sample Chain-of-Custody Procedure. 

8.3 Field Record Fonn 

A Field Record Fonn shall be completed for each well sampled for ground-water 
monitoring during each sampling event. This excludes predevelopment samples 
collected upon reaching the water table during drilling. The fonn to be used 
is shown in Figure 4 of PNL-MA-567 Procedure AD-2, Ground-Water Sample Chain-
of-Custody Procedure. · 
The completed Field Record Fonn shall be reviewed by the Radiation Protection 
Technologist (RPT) Supervisor (or designee) for completeness, reasonableness, 
and reference to necessary maintenance. This review shall be documented by 
signature or initials of the reviewer and date of review on the bottom of the 
fonn. 

8.4 Sample Pump Installation Documentation 

Installation of sampling pumps in newly constructed monitoring wells shall be 
documented by the Well-Site Geologist in accordance with PNL-MA-567 Procedure 
D0-3, Documentation of Sampling Pump Installation. 

8.5 Corrections to Documentation 

If an error is made on any field or laboratory documentation, an individual 
may correct the error by drawing a line through the error and entering the 
correct infonnation. The error shall not be obliterated. All non-editorial 
corrections shall be initialed and dated. 
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9.o · CALIBRATION PROCEDURES AND FREQUENCY 
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All measurement and test equipment (M&TE), for which PNL is responsible, must 
be controlled in accordance with PNL-MA-70 Administrative Procedure PAP-7O-
12O1, Calibration Control System. 

Category 1 M&TE is calibrated by an approved metrology organization. All 
organizations providing Category 1 calibration services must be evaluated by 
the PNL Process Quality Department in accordance with PNL-MA-70 Quality 
Assurance Procedure QAP-7O-7O1, Preaward Evaluations/Surveys, before being 
utilized. 

Category 2 M&TE is calibrated by the user. Requirements for documenting user 
calibration of Category 2 M&TE are included in PNL-MA-70 Administrative 
Procedure PAP-70-1201, Calibration Control System. 

Category 3 M&TE is not calibrated and is for indication only. 

9.1 pH Meter Calibration 

pH meters used by PNL field personnel must be calibrated daily before use in 
accordance with PNL-MA-567 Procedure FA-3, Calibration of pH Meter and 
Measurement of Field pH. The calibration must be documented on the pH Meter 
Calibration Record form. A calibration check must be performed as specified 
in FA-3 before taking pH measurements at each sampling site. If it is found 
during the check that the criteria specified in FA-3 aren't met, the pH meter 
shall be recalibrated before use. 

9.2 Conductivity Meter Calibration 

Conductivity meters used by PNL field personnel must be calibrated daily 
before use in accordance with PNL-MA-567 Procedure FA-2, Calibration of 
Conductivity Meter and Measurement of Field Conductivity. The calibration 
must be documented in the Conductivity Meter Calibration Record. 

9.3 Digital Thermometer Calibration Check 

A digital thermometer calibration check must be performed daily before using 
the thermometer by comparison to a Category 1 calibrated mercury thermometer 
as specified in PNL-MA-567 Procedure FA-1, Temperature Measurement Procedure. 
This calibration check must be documented in the Digital Thermometer 
Calibration Log. · 

9.4 Electrical Tapes Used to Estimate Water Level 

Electrical tapes are used only for estimates of water level. They are 
classified as Calibration Category 3, For Indication Only. As such, 
calibration is not required • 
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Steel tapes used for water-level measurements must be standardized quarterly 
in accordance with PNL-MA-567 Procedure WL-2, Procedure for Standardizing 
Steel Tapes, against Category 1 standard steel tapes. 

• Steel tapes deviating less than 0.10 foot from the Category 1 tape may be 
used for water-level measurements. 

• Steel tapes deviating from the Category 1 tape more than 0.10 foot but 
less than 0.25 foot may not be used for water-level measurement but may be 
used for tagging during well construction. 

• Steel tapes deviating from the Category 1 tape more than 0.25 foot may not 
be used for water-level measurement or tagging and are for indication 
only. 

9.6 Flow Meters 

Flow meters used in hydrologic testing activities are provided by 
Westinghouse Hanford Company (WHC) or Kaiser Engineers Hanford (KEH). WHC or 
KEH are responsible for calibration of the flow meters. It is the 
responsibility of the PNL staff using the flow meters to verify their 
calibration status and obtain documentation of calibration in the form of a 
calibration report before use. 

9.7 Turbidimeters 

Turbidimeters are classified as Category 2. They must be calibrated 
periodically by users in accordance with the manufacturer's instructions. 
This calibration must be documented on the Well Development Log form as 
specified in PNL-MA-567 Procedure GC-7, Well Development. 

9.8 Pressure Transducers 

Pressure transducers classified as Category 1 shall be calibrated by 
comparison to a nationally recognized standard by a calibration agency 
evaluated and approved by the PNL Process Quality Department, Quality Control 
Group, before calibration. 

9.9 Geophysical Logging Probes 

A calibration check on probes used in performing geophysical logging must be 
done by the user before use as specified in the PNL-MA-567 procedures 
governing the logging activities. A total system calibration shall be 
performed on natural gamma logging probes and associated instrumentation 
annually by a metrology organization evaluated and approved by the PNL QC 
Group. Calibration and calibration check activities must be referred to or 
provided on the log headers. • 
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Potential chemical constituents to be analyzed for, as well as the 
corresponding standard analytical methods on which the primary analytical 
laboratory bases its procedures are shown in Table 6.2. The PMP or GWMP must 
identify which specific constituents will be analyzed. If there are project
specific constituents that aren't included in Table 6.2, they must be 
identified in the PMP or GWMP and the associated Procedure(s) referenced 
cited. 

Unless specified in the project specific PMP or GWMP, detection-level terms 
shall be defined and calculated as in EPA SW-846, Test Methods for Evaluating 

~Solid Waste, latest edition (or applicable standard method being used if 
different from SW-846) . 
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Exhibit 11.1 presents the data reduction, validation, review, and reporting 
process in flow-chart format. The following sections briefly describe the 
data reduction, validation, and reporting Procedures that shall be used. 
Also, some specific data validation methods are described in Section 12 as 
part of the required internal QC. 

EXHIBIT 11.1. Data Flow Scheme 

PII. QC Prepared 
Bl ind Standards 

Sa•pling Analysis 
Coo rd i nation 

Scheduling, 
Sa• pling Prep and 
Field QC Activities 

Field/QC/Sa•ple 
Transfer 

Analytical Labs 
US Testing (UST) 
Co• parison Labs 

1-------+1 Data Reports fro• Labs 

Requests for Data 
Review/Problu --

Data Input and 
Verification 

(• echanical and •anual) 

Data Rev i ews 
Resolution ---......------

Sa• ple Collection 

UST ( i nterna I) 
Quarterly QC Report 

Che• ists Data Sheets 
Co• puter Tape 
Hard Copy 

Project oche• ist 
SlA Coordinator 
Stat. Evaluator ------+1QC Task Monthly Reports 
QC Task eader 

Input to Ground-later 
Monitoring Reports ---------
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Analytical results must be managed in accordance with PNL-MA-567 Procedure 
DM-1, Analytical Data Handling and Verification Procedure. Water-level data 
must be managed in accordance with PNL-MA-567 Procedure OM-2, Water Level 
Data Handling and Verification Procedure. These Procedures specify the 
methods for entry of data into the Hanford Ground-Water Data Base (HGWDB), 
including verification and validation of the data. 

11.2 Process for Handling Suspect or Unacceptable Data 

When the initial data review identifies suspect data, that data must be 
investigated to establish whether it reflects true conditions or an error. 
The investigation must be documented using a Request for Data Review (RDR) 
(Exhibit 11.2). The Sample Analysis and Coordination Task Leader shall 

• issue RDR numbers and maintain a log of all RDRs generated identifying their 
status (i.e., date issued, and date closed). If the data value is determined 
to be in error, the source of the error must be investigated, the correct 
value established if possible, and the erroneous value replaced with the 

- correct value. If the investigation concludes that the data are suspect 
(possibly in error) but a correct value cannot be determined, the data must 
be flagged to indicate its suspect status. 

If the source of the error was noncompliance with an established requirement 
or Procedure, a Deficiency Report (DR) must be generated in accordance with 
PNL-MA-70 Administrative Procedure PAP-70-1502, Controlling Deviations from 
QA Requirements and Established Procedures. If the source of error was due 
to the nonconformance of an item, then a Nonconformance Report (NCR) must be 
generated in accordance with PNL-MA-70 Administrative Procedure PAP-70-1501, 
Nonconfonnance Reports. As a minimum, the Project Manager, Program Manager, 
Sample Analysis and Coordination Task Leader, and the Quality Engineer must 
be copied on the data investigation documentation (RDR). 

11.3 Standard Units 

The standard units used to report data are 

• water chemistry parameters (nonrad) 
• radium, gross alpha, and gross beta 
• turbidity 
• colifonn bacteria (b) 
• pH . 
• specific conductivity 
• elevation 
• temperature 

ppb 
pCi/L 
NTU (a) 
MPN(c)/100 ml or Number/100 ml 
pH units 
µmho/cm 
ft above mean sea level oc 

(a) NTU = nephelometric turbidity unit (b) Units dependent on method used. 
(c) MPN = most probable number • 
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Exhibit 11.2, Request for Data Review (RDR) Fann 

REQUEST FOR DATA REVIEW 

RDR Tracking Number:==----
YYMMDD-sequent (assigned by Sample Analysis Task Leader) 

Originator: ________ _ Date Submitted: ______ _ 

Data to be reviewed 

Project : _________ _ 

UST Number: ________ _ 

We 11 Name or Code : _____ _ 

Collection Date: 

Report Date: _______ _ 

Duplicate Sample Number: ___ _ 

Constituent: _______ _ 

Present Value: ______ _ 

Reason for review 
(attach any documentation) 

Data Review Results 

Reviewer: ________ _ Date Completed: ______ _ 

Non-Conforming Data (UST or PNL NCO fona or attached) 

No change, review has found no problems (documentation attached} 

No change, problems could not be documented, but data should be flagged 
as questionable (documentation attached) 

Database Update Verification 

Updated by:________ Date Completed: ______ _ 

Data was changed in database, RDR tracking number added to database 

Data was not changed, RDR tracking number added to database 

Data was not changed, RDR tracking number added to database, Data flagged 
as questionable and brief corrment added to database 

Return completed copy to originator, Project Manager, and others 
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A summary of PNL QC checks is presented in TABLE 12.1 below. Additionally, 
the primary analytical laboratory has instituted an internal laboratory QC 
program that is implemented through the laboratory's analytical Procedures. 

TABLE 12.1. Summary of Quality Control Checks 

Data Characteristic Evaluated 

Field/Transport Contamination 

- Field/Transfer Contamination 
c,,. 

Laboratory Contamination 

_ Laboratory Accuracy 

~Precision (field variability) 

:~Precision (lab variability) 

1 ontainer Contamination 

12.1 Interlaboratory Comparisons 

Sample Type 

Field Blank 

Field Blank 

Lab Blank 

Blind Standards 

Field Duplicates 

Lab Replicates 

Empty Container 

Frequency 

1 per 20 samples or per 
sample event 
1 per 20 samples or per 
sample event 
1 per batch or per sample 
event 
See Table 12.2 

1 per 20 samples or per 
sample event 
1 per batch 

1 per lot 

Interlaboratory comparisons between PNL and the primary analytical laboratory 
will be approximately 1 per 20 field samples (with duplicate). 

Interlaboratory blind standard comparisons will also be performed. These 
comparisons are discussed further in Section 12.2. 

12.2 Blind Standards 

The frequency at which blind standards are submitted to the primary 
analytical laboratory depends on 1) constituents that are detected at or 
above drinking water standard (DWS) or screening levels, 2) constituents that 
are detected, but at levels below DWS or screening levels, and 3) 
constituents that may be present, based on disposal records, but have not 
been detected. The frequency of testing for the constituent and the 
complexity of the analysis method are also considered. Table 12.2 shows the 
types of blind standard analyses performed and the frequency • 
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The acceptance limit for blind standards is ~2 standard deviations (s.d.). 
In interlaboratory comparisons using actual field samples, difference between 
laboratory results of 2.8 s.d is allowed. This criterion is based on the 
reproducibility limit, with 95% confidence that random error is not 
responsible for the difference. 

When results of blind standards, or interlaboratory comparisons fall outside 
the acceptance limits specified above, the cause must be investigated in 
accordance with Section 11.2. Additional samples may be directed to the 
laboratory to determine or check the adequacy of corrective action. See also 
Section 11.2. 

12.4 Reporting 

C1' The Quality Control Task Leader wi 11 provide the Project Manager with _a 
monthly report of results including all above elements. 

TABLE 12.2. Blind Standards 

Analyses 

Volatile Organic Constit. 
Metals 
As, Se, Pb 
Hg 
Anions 
Ammonium 
Cyanide 
Sulfide 
Thallium 
ABN enh 
Thiourea enh 
Pesticides (enhanced) 
Herbicides (enhanced) 
Phosphorus Pesticides 
Ethylene Glycol 
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Monthly 
Quarterly 
Quarterly 
Quarterly 
Quarterly 
Semiannually 
Quarterly 
Annually 
Annually 
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Semiannually 
Semiannually 
Semiannually 
Semiannually 
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Compliance, real-time, and data traceability surveillances are perfonned by 
the cognizant Quality Engineer. Compliance surveillances are perfonned to 
ensure that a specific requirement, or set of requirements, is being 
implemented. Real-time surveillances are perfonned during the work or 
analytical process to ensure that specific standardized Procedures are being 
implemented. Data traceability surveillances are perfonned to ensure that 
the resultant project data are traceable back through the analytical process, 
through sample handling and transportation, back to the date, time, location, 
staff, and technique used to collect the sample. Surveillances are perfonned 
in accordance with PNL-MA-70 Quality Assurance Procedure QAP-70-1001, 
Planning and Performing Surveillance. Quarterly surveillance plans will be 
developed identifying the requirements of this QA project plan and 

. supporting project planning documents and specifications to be verified. 

System audits, or simply audits, are perfonned by the PNL Quality 
Verification Department on a periodic basis. Audits are planned and 
perfonned in accordance with PNL-MA-70 Quality Assurance Procedure QAP-70-
1801, Internal Audits. Quality assurance audit personnel are qualified in 
accordance with PNL-MA-70 Quality Assurance Procedure QAP-70-204, QA Audit 
Personnel Qualification. 

Perfonnance audits, checks on the performance of the analytical syste~, are 
in the fonn of check/audit samples prepared by the QC Task Leader and are 
submitted to the primary analytical laboratory. Periodic source 
surveillances and audits are also performed on the contracted primary 
analytical laboratory in accordance with PNL-MA-70 Procedures PAP-70-704, 
Source Inspections, Tests, and Surveillances, and QAP-70-704, Supplier and 
Other Hanford Contractor Audits. 

The results of surveillances and audits will be made available to project and 
line management as well as to individuals contacted . 
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14.0 PREVENTIVE MAINTENANCE 

Routine equipment and facility maintenance and instrument services ensure the 
timely and effective completion of a measurement effort. 

14.1 Well Maintenance 

Well maintenance needs must be documented in a memo to the Environmental 
Field Services Group of the Westinghouse Hanford Company (WHC) Environmental 
Engineering and Technology Function (Environmental Division). Upon 
completion of repairs, the PNL Sample Analysis and Coordination Task Leader 
will be notified by WHC that the repairs have been completed. Sample 
collection teams should not be sent to wells identified for maintenance until 
this notification has been received. 

14.2 Spares Needed During Ground-water Sampling 

Spares necessary during regular ground-water sampling are identified in the 
"Equipment" section of the specific PNL-MA-567 technical Procedure when such 
spares are necessary. 

14.3 Field Equipment Maintenance 

Field equipment maintenance (limited primarily to calibration and calibration 
check activities) is the responsibility of the Radiation Protection 
Technologist Supervisor. 
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15.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION, ACCURACY, 
AND COMPLETENESS 

Because of the nature of environmental measurements, it is difficult or 
impossible to know the "true" value of the measured parameter. The accuracy 
of the measured value must instead be inferred through the use of QC samples 
of known composition. PNL uses this method to verify that the data quality 
objectives (DQOs) established in Tables 6.1 and 6.2 have been met. 

The water quality DQOs specified in Table 6.2 are stated in the terms used by 
the primary analytical laboratory to report its internal QC analyses on a 
quarterly basis. The performance charts supplied by the laboratory must be 
visually reviewed quarterly by comparison to the DQOs specified in Table 6.2. 

, ,. The results of the review must be documented in the QC Task Leader's monthly 
report. Laboratory results falling outside any DQO boundary must be 

Ci' investigated (see Section 11.2). 

Completeness will be calculated on a quarterly basis by the Sample Analysis 
Coordination Task Leader, with Project Statistician input, using the 
following formula. 

Completeness,%= Number of Valid Data Points Acquired x 100 
Total Number of Values Planned 

The result should be compared against the completeness DQO established in 
Table 6.1, and reported in the quarterly report. Any discrepancies must be 
investigated (see Section 11.2) . 
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16.0 CORRECTIVE ACTION 

Corrective action must be initiated by the Project Manager or cognizant Task 
Leader when unplanned deviations from procedural, contractual, regulatory 
requirements, or construction specifications occur. The need for corrective 
action may be revealed by observations of measurement system response, during 
data reasonableness checks (brief comparison of newly collected data against 
observed historical trends), when discrepancies are noted during instrument 
calibration, or during data analysis. 

16.1 Measuring and Test Equipment (M&TE) Calibration Discrepancies 

Instruments or equipment found to be operating outside acceptable operating 
ranges (as specified in the applicable technical procedure or manufacturer's 
instructions) must be investigated. A Calibration Discrepancy must be 
initiated in accordance with PNL-MA-70 Administrative Procedure PAP-70-1201, 
Calibration Control System, when it is determined that M&TE is not within 
calibration and that data have been collected after the calibration expired. 

16.2 Deviations from Procedures or Requirements 

Unplanned deviations from procedural, contractual, or regulatory requirements 
must be documented by completing a Deficiency Report (DR) in accordance with 
PNL-MA-70 Administrative Procedure PAP-70-1502, Controlling Deviations from 
QA Requirements and Established Procedures. The DR must identify the 
requirement deviated from, the cause of the deviation, whether any results 
were effected, and corrective action needed to remedy the immediate problem 
and to prevent recurrence. 

A copy of the DR must be transmitted to the client through the Program Office 
Manager within 10 days of when the deficiency was identified. 

Planned deviations, documented (including justification) and approved by the 
Project Manager or Task Leader in advance, do not constitute a deficiency as 
defined in PAP-70-1502 and do not require development of a OR. 

16.3 Corrective Action for Significant Conditions Adverse to Quality 

When significant conditions adverse to quality are identified, the cause of 
the conditions and the corrective action taken to preclude repetition will be 
documented and reported to immediate management for review and assessment by 
a Corrective Action Request (CAR) in accordance with PNL-MA-70 Administrative 
Procedure PAP-70-1602, Corrective Action. "Significant" conditions are 
identified in Section 4.2.1.1 of PAP-70-1602. 
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Significant QA aspects of project activities must be regularly reported in 
monthly RCRA Ground-Water Monitoring and Characterization Activities status 
reports. Deviations from this QA project plan, as well as the results of 
surveillances and audits, must be documented and described in the reports. 
Quality-assurance-related information in the reports must be reviewed by the 
cognizant PNL Quality Engineer. 

Significant problems uncovered by project personnel must be reported to line 
management immediately for resolution. Significant problems involving data 
quality, sample integrity, or well construction must be thoroughly 
documented. 

Line management must be included on the distribution of all audit reports. 
Significant problems encountered in day-to-day operations must be reported to 
line management immediately by the Project Manager • 
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18.0 RECORDS 

18.1 Records Control 

Project records must be controlled in accordance with PNL-MA-70 
Administrative Procedure PAP-70-1701, Records System. A Records Inventory 
and Disposition Schedule (RIDS) must be prepared and submitted for review and 
approval by the Records Specialist and Quality Engineer. Records retention 
schedules shall be based on DOE Order 1324.2A, Records Disposition, and 
applicable regulatory requirements. 

18.2 Records Checkout 

When records identified on the RIDS are removed from their specified 
location, a check-out card identifying who removed the document, the 
document's title or identification, and when the document was removed, must 
be placed in the file from which the document was removed. Upon the return 
of the document the check-out card is removed and the borrower's name lined 
through. 

18.3 Turnover of Records To WHC 

All PNL generated record copy, quality affecting documents shall be 
transmitted to WHC at the frequency specified in the governing statement of 
work utilizing the process described below. These activities must be 
coordinated through the PNL Records Specialist. 

18.3.1 Technical Review 

• The Project Manager must assure that documents are reviewed for 
technical adequacy, accuracy, and completeness to verify that the 
documents support fitness for use of the facility (well) and 
conformance to specifications and procedures. 

• Any problems or deficiencies noted in the records must be properly 
resolved and documented in accordance with PNL's 
deficiency/nonconformance system (see Section 22). 

Following this review, the Project Manager should make 2 photocopies of 
the documents intended to be transferred to WHC. The record copy and 1 
photocopy of the documents along with the appropriate RIDS shall be sent 
to the PNL Records Specialist who will be responsible for performing the 
remaining actions described in Sections 18~3.2 through 18.3.4 below. 
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• Review documents to assure they are paginated and complete. 

• Assure that documents are authenticated by personnel authorized to 
authenticate records. An authentication list shall be maintained 
identifying the signatures and initials of personnel authorized to 
authenticate records. 

• Verify that the documents are legible, identifiable to a task or 
activity, and reproducible and microfilmable. 

18.3.3 Objective Evidence of Reviews 

Objective evidence of the reviews described in Sections 18.3.2 shall be 
provided. The review must be documented by placing a mark on the top 
sheet of each multipage record in a location that will not obliterate the 
data, thus signifying that the review is complete and is ready for 
further processing. 

18.3.4 Transmittal of Document Copies to WHC 

Provide the record copy and 1 photocopy of the documents to WHC. 
Transmit the record copy to the WHC Environmental Data Management Center 
(EDMC) on an EDMC Item Transmittal (Exhibit 18.1). Transmit the photocopy 
to the WHC Geosciences Group for use as a working copy. 

18.4 Revision of RIDS 

Following transfer of the records to permanent storage the RIDS shall be 
revised to reflect the location of the stored records and a retention time of 
Lifetime, to satisfy NQA-1, plus 10 Years after termination of the Hanford 
Federal Facility Agreement and Consent Order, to satisfy the Tri-Party 
Agreement • 
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·,,._: Transmlllal No.__, __ _ 

• 

EUVlnONMEtHAL DATA MANAGEMENT CENTEn 
ITEM TRANS MITT AL Dalo Su1Jml11otl ___ (D_2 _____ .....,._ 

rnEPAnrn OY: NAME: 3 TO : WoslinQhouso 11.inford Company 
EllMC IU ,51 
P.O. llo• 1970 

ADDnES .~.._ ____________ MSIII: 

CITY/STATE: · PIIOtlE~.G)_,....... __ 
ona. COOE NUM0En: 6 AnEA: __ lllchlancl , WA 90352 

TO OE COMP! ETEO DY S1:tlOEn 

0 !TW _filTL ~ -IK_l_, _____ J..,.III E/OESCAIPJION OU TSO 

0 0 e @. @@ 

COf..\l,-IEtlTS1f1EI.IAnl<S : @ 

Tho sionaluro holow colllflos lhill Iha tlocume_nls submilled by lhls lranamlllal lu;1va beon 
1uvlowod and a11 complotar 
Sll,tlA llllll: _____ l!~\ DATE ________ _ 
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EXHIBIT -18.1 (continued), Instructions for Completing EDMC Item Transmittal 

TRANSMITTAL INSTRUCTIONS 

1. TRANSMITTAL NUMBER - Pre-numbered transmittal form. 

2. DATE SUBMITTED - Date transmitted to EDMC. 

3. NAME - Printed or typed name of person preparing transmittal. 

4. ADDRESS - Correct mailing address of preparer (Includes area and Mail 
Stop Identification Number (MSIN). 

5. PHONE NUMBER - Number where the preparer can be reached during the day. 

NOTE: If a box is not applicable to the item being submitted, then the 
box should be marked N/A. 

6. ORGANIZATION CODE NUMBER - Number of the originating organization if 
applicable. 

7. WORK AREA - Hanford Site Area. 

8. ITEM NUMBER - Sequential number of each item being transmitted. 

9. DOCUMENT COMPLETION DATE - The final completion date of the document. 

10. DOCUMENT NUMBER - Document identifying number. 

11. TITLE/DESCRIPTION - Correct title or description of the documenting 
being submitted . 

NOTE: This field is used for data entry. The more concise the 
title/description, the bette_r the retrievabil i ty of computerized search. 

12. OU - The Operable Unit that the document pertains to. If the document 
applies to all or a portion of the OU's indicate "ALL" in this column. 
(Refer to Appendices Band C of the Action Plan for Applicable OU's. 

13. TSO - The treatment, storage and disposal group that the document 
pertains to. If the doc~ment applies to all or a portion of the TSD's 
indicate .•ALL• in this column. (Refer to Appendices Band C of the 
Action Plan for applicable TSD numbers.} 

14. KEYWORD - To be completed by EDMC. Keyword assignments for 
retrievability. 

15. DIC NUMBER - To be completed by EDMC. Document identification code 
assignments for retrievability . 
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EXHIBIT 18.1 (continued), Instructions for Completing EDMC Item Transmittal 

16. FILE NUMBER - To be completed by EDMC. EDMC file number assignment for 
retrievabil ity. 

17. COMMENTS/REMARKS - To be used by preparer to show references or any 
additional information that might be useful. {This box may be used by 
Project/Unit Managers to identify Administrative Records.) 

18. SIGNATURE AND DATE - Certification that submitted documents have been 
reviewed for compliance with appropriate procedures and requirements. 

19. PROCESSED BY - To be completed by EDMC. EDMC personnel signature and 
data closing out processing of the item. 

APP 5D4-38 

• 

• 



• 

• 

1 
2 
3 
4 

APPENQIX 9 

EXPOSURE INFORMATION REP.ORT 

APP 9-i 

DOE/RL 88-27 
Rev. 1, 01/17/90 



I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

APPENDIX 9 

EXPOSURE INFORMATION REPORT 

DOE/RL 88-27 
Rev. 1, 01/17/90 

9A Overview of the Hanford Site Grout Performance Assessment 

9B Long-Term Performance Assessment of Grouted Phosphate/Sulfate Waste 
From N Reactor Operations 
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APPENDIX 9A 

OVERVIEW OF THE HANFORD SITE GROUT 
PERFORMANCE ASSESSMENT 

1.0 INTRODUCTION 

DOE/RL 88-27 
Rev. 1, 01/17/90 

The grout disposal program is a comprehensive program to develop the 
technology and facilities required for the disposal of dangerous liquid 
wastes at the Hanford Site. Long-term protection of the public and the 
environment is a principal goal of the grout disposal program. The disposal 
system (in this document the disposal system is defined as the waste form, 
the concrete vault, the gravel-diffusion barrier, and the protective barrier) 
has been designed such that projected releases will ~eet the 
U.S. Environmental Protection Agency (EPA) National Primary Drinking Water 
Regulations (EPA 1988a) in a downgradient compliance well. To determine 
whether projected performance of the disposal system will be within applicable 
regulations, a performance assessment is conducted. The performance 
assessment models expected system performance and projects the impact of the 
disposal initiative. The impacts can then be compared to regulations to 
determine whether the projected performance of the disposal system lies 
within regulatory limits. The following sections discuss the key elements 
in the performance assessment and provide preliminary projected exposure 
levels for dangerous chemicals. 

2.0 RELEASE RATE 

Dangerous chemicals can be released from the grout disposal system via 
two pathways: through a leak in the vault and catch basin before the curing 
of the grout or through molecular diffusion through the grout, concrete 
vault, and gravel-diffusion barrier. The design of the grout disposal system 
precludes the escape of quantities of liquid that would result in exceeding 
drinking water standards at a downgradient compliance well. The major release 
mechanism is molecular diffusion through the grout, concrete vault, and 
gravel-diffusion barrier. The balance of this section discusses the release 
mechanisms and rates of dangerous constituents from the grout disposal 
system. 

2.1 RELEASE RATE FROM THE GROUT 

The effective diffusivity of dangerous chemicals in the grout is 
determined by the American Nuclear Society leachability procedure (ANS 1986). 
The procedure calls for immersing a cylindrical sample of the waste form in 
a volume of leachate (deionized water and local groundwater have been used) 
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equal to 10 times the surface area of the sample. The sample is removed at • 
specified time intervals, and the leachate is analyzed for dangerous chemicals 
of interest. A knowledge of the starting inventory of dangerous chemicals 
in the sample and the amount in the leachate at each interval provides the 
information required to determine the effective diffusivity of the dangerous 
chemicals of interest. Table 1 provides effective diffusivities of dangerous 
chemicals as measured in actual waste (also see Chapter 3.0, Appendix 3D). 
The criterion set by the grout disposal program for acceptability relative 
to leaching is that 9ang2rous chemicals must have an effective diffusivity 
of less than 1 x 10- cm /s. For many chemicals, ho~eve2, effective 
diffusivities have been measured in the range of 10- cm /s. 

Table 1. Effective Diffusivities for Selected 
Hazardous Chemicals in Tank 106-AN Waste. 

Hazardous chemical 

Nitrate 
Ni trite 
Chloride 
Fluoride 
Sodium 
Molybdenum 
Nickel 
Chromium 

Effective ~iffusivity 
(cm /s) 

4.6 X 10- 9 
5.8 X 10-9 
8.9 X 10- 9 
4.1 X 10- 9 
5.7 X 10- 9 

<3 X 10- 9 
<5 X 10-l0 
<l X 10-12 

Some of the species in the grout form precipitate in the pore liquid 
or in the groundwater. These species are identified as being solubility 
limited in their release. The relative amount of such contaminants that 
could be found in the groundwater is limited because of the solubility control 
mechanism. 

2.2 RELEASE RATE THROUGH THE CONCRETE VAULT 

The release rate of contaminants through the concrete vault is not a 
critical parameter in the modeling of the disposal system because the 
diffusivity of contaminants through the concrete is expected to be greater 
than that through the grout. Effective diffusivities have been measured at 
another U.S. Dep§rtm~nt of Energy facility (Savannah River Plant) and a 
value of 5 x 10- cm /s has been measured (Wilhite 1987). This value has 
been used in the evaluations to date, although the actual value has been 
shown to not be of significance in long-term release modeling. 
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2.3 RELEASE RATE THROUGH THE GRAVEL
DIFFUSION BARRIER 
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The asphalt-coated gravel- {gravel-) diffusion barrier is a minimum 3 ft 
of crushed, graded and asphalt-coated gravel sized between 0.2 and 2.54 cm. 
It is designed to minimize fines infiltration during and after construction. 
The gravel-diffusion barrier also has been designed to reduce the rate at 
which contaminants will diffuse out of the disposal system and minimize the 
infiltration of water into the disposal system by serving as a capillary 
break. Contaminants in the disposal system only diffuse through the connected 
water path within the grout, vault, and gravel. The gravel selected has 
both a low internal and a low external moisture content, providing a tortuous 
path length for any contaminants that diffuse out of the grout and vault. 
The gravel also serves as a capillary {hydraulic) break to keep external 
moisture from infiltrating the disposal system as long as the adjacent soils 
remain unsaturated. Given the low precipitation {Stone et al. 1983) at the 
Hanford Site and the low permeability and wicking layers that will be placed 
over the gravel-diffusion barrier, the soil is projected to remain 
unsaturated. This occurrence has been supported by modeling. 

The effective diffusivity of gravel was determined through the use of 
an electrical conductivity technique. The method is well established as a 
technique for measuring the diffusivity of ionic species in soils at a given 
moisture content. The plan developed involved fixing the moisture content 
of the gravel at the expected level {based on analysis of Hanford Site soils 
by computer modeling, the moisture content is expected to range from 0.8% to 
2%) and then determining the diffusivity through electrical conductivity of 
the sample. Moisture content was varied to determine a range of effective 
diffus!y3tie2. The :ffective ~iffusivit~ used for ~h: grav:l selec~ed ~s 
1 x 10 cm /s. This value will be revised as additional information is 
obtained on the sensitivity as a function of moisture content, fines content, 
and temperature. 

3.0 TRANSPORT THROUGH THE SOIL PATHWAY 
AND GROUNDWATER 

Once the dangerous chemicals have diffused through the disposal system, 
they are transported through the soil pathway to the unconfined aquifer. 
Transport through the soil will be by a combination of two mechanisms: 
diffusion through soil moisture and transport by advecting water. These 
processes are modeled in flow and transport models of the soil pathway. The 
TRACR3D computer code {Travis 1984) is used to model the flow, and the 
S301 computer code {Wikramaratna and Farmer 1987) is used to model the 
transport of dangerous chemicals from the grout disposal site to the 
groundwater. Inputs to these models are the release rates through the 
disposal system, characterization of soils at the grout disposal site, 
diffusivities of contaminants in the grout site soils, and a knowledge of 
the expected climatic conditions, which determines the amount of advecting 
water available for moving dangerous chemicals through the soil. 
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The soils characterization information required for the flow and 
transport models includes soil gradation, moisture content, moisture 
characteristic curve, density, and unsaturated hydraulic conductivity. This 
information is required as a function of depth from the grout disposal system 
to the aquifer. Soil cores have been taken within the grout site and have 
been analyzed for the required information (see Chapter 5.0, Appendix SA) . 

Studies have shown that some of the contaminants in the grout will sorb 
to Hanford Site soils. The sorption process tends to retard the movement of 
contaminants through the soil, resulting in a longer travel time to the 
groundwater and less potential exposure to the population. Sorption is not 
assumed for any of the dangerous chemicals in the grout. In additi~n, no 
i~~ption is assumed for highly mobile radioactive species such as Tc and 

I. 

As mentioned previously, some of the species within the grout are limited 
in concentration in the groundwater because of solubility. Dangerous 
chemicals exhibiting this characteristic include barium, cadmium, copper, 
lead, manganese, and zinc. A more detailed description of the controlling 
reactions for solubility can be found in Serne et al. (1987). 

Prediction of the actual amount of precipitation that will fall at the 
Hanford Site can be estimated by evaluating prior climatic cycles 
(Stone et al. 1983) and projecting the trends forward. The current average 
rainfall at the Hanford Site is 16 cm/yr. Evapotranspiration, run-off, 
evaporation, and other processes limit the amount of precipitation available 
for transporting hazardous chemicals to the groundwater to 0.5 cm/yr of 
recharge water. In addition, a hypothetically wetter climate has been 
evaluated where 30 cm/yr of precipitation occurs, and the recharge to the 
groundwater is 5.0 cm/yr. The addition of a protective barrier over the 
waste form will further reduce the precipitation available as recharge water 
to 0.05 cm/yr. The ability of the protective barrier to reduce recharge 
water is discussed in Section 4.0. -

4.0 DESCRIPTION OF THE PROTECTIVE BARRIER 

The protective barrier scheduled for construction over the grout disposal 
site is the same barrier described in DOE (1987). The barrier is designed 
to minimize the infiltration of water to the waste form and to minimize the 
occurrence of plant, animal, and human intrusion into the waste form. Water 
infiltration is minimized through uptake of water by plants and selection of 
a soil that holds sufficient quantities of precipitation before drainage. 
Intrusion into the waste form is minimized by the use of a gravel/riprap 
layer and a marker system. Similar to the gravel-diffusion barrier, the 
riprap layer also serves as a capillary break. Water will not drain out of 
the fine soils layer until the interface between the fine soils and the 
riprap becomes saturated. The interface between the fine soils and the 
riprap is graded such that fine soils will not infiltrate the riprap layer 
and diminish its performance as a capillary break. 
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A plan has been developed (Adams and Wing 1987) to address the steps 
required to defend the performance of the Hanford Site protective barrier. 
Natural analogues have been used to defend its operation for long time 
periods (up to 10,000 yr). Lysimeters are being used to finalize the design 
of the protective barrier (fine soil selection, riprap size distribution, 
fine soil and riprap layer thicknesses, plant selection, etc.). The results 
of the lysimeter evaluations will be used to calibrate and verify model 
predictions of barrier performance (Fayer 1987) and to serve as the required 
validation of the performance of the protective barrier. 

5.0 RESULTS OF PERFORMANCE ASSESSMENT 

Each of the various features in the disposal system was selected based 
on the 'isolation credit' relative to reduction in the peak concentration of 
contaminants observed in a hypothetical downgradient water well. In each 
case, the relative reduction is compared to the option of disposing of the 
grout monolith in bare soil. (The grout monolith provides a reduction of 
100 to 1,000 p/b in the peak concentrat i on relative to disposal of the waste 

· directly to the soil). The reinforced concrete vault provides a reduction 
of 2 p/b in the peak concentration. The protective barrier provides a 
reduction of 20 p/b in the peak concentration. The gravel diffusion barrier 
provides a reduction of 1,000 p/b in the peak concentration . The combination 
of a protective barrier and a gravel diffusion provides a reduction of 
2,000 p/b in the peak concentration. 

Table 2 provides the projected maximum increases in hazardous chemicals 
in the drinking water and compares the results to EPA (1988a, 1988b). The 
projected maximum increases are all below the drinking water standards. The 
release of contaminants from the disposal system is minimized by the presence 
of the gravel-diffusion barrier. The Hanford Site protective barrier serves 
to decrease the amount of recharge available for carrying contaminants to 
the unconfined aquifer, which increases th§ resultfng travel time to the 
groundwater. The peak concentrations of 9 Tc and 2 I in the groundwater 
also are below drinking water standards. 
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Table 2. Projected Maximum Increases 
in Contaminant Levels for 

Hazardous Chemicals. 

Chemi ca 1 
constituent 

Arsenic 
Barium 
Cadmium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 
Lead 
Manganese 
Mercury 
Nitrate 
Nitrite 
Selenium 
Silver 
Sulfate 
Zinc 

Drinking water 
standard (p/b) 

50 
1,000 

10 
2so,ooob 

50 
1,ooob 
4,000b 

300 
sob 
50 
2 

45,000 
33,000 

10 
sob 

250,000b 
5,000 

Fraction of 
standard 

0.06 
0.0002a 
0.004a 
0.00004 
0.02 
o.00008a 
0.001 
0.02 
0.002a 
0.0001a 
0.00004 
0.006 
0.004 
0.02 
0.0004 
0.00016 
0.000014a 

asolubility limited. 
bsecondary drinking water standards. 
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LONG-TERM PERFORMANCE ASSESSMENT OF GROUTED PHOSPHATE/ 
SULFATE WASTE FROM N REACTOR OPERATIONS 

NOTE: Since the performance assessment for this waste stream was 
prepared, design modifications to the disposal system have been evaluated 
and are being implemented. The design shown in this document is only 
applicable to the nondangerous wastes currently being disposed of. This 
document provides background information for the preparation of a perfo rmance 
assessment. The performance assessment for double-shell tank waste will be 
prepared in a similar fashion. 

This appendix (Stewart, G. H., W. T. Farris, D. G. Huizenga, 
A. H. McMakin, G. P. Streile, and R. L. Treat, 1987, Long-Term Performance 
Assessment of Grouted Phosphate/ Sulfate Waste from N Reactor Operations , 
PNL-61 52, Pac ifi c Northwest Laboratory, Richland, Washington) conta ins 
106 pages. 
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ABSTRACT 
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The long-term performance of the grout disposal system for Phosphate / 
Su lfate Waste (P SW) was analyzed. PSW is a low- level liquid generated by 
activities associated with N Reactor opera tio ns. The waste wi ll be mixed wit ~ 

dry solids and permanently disposed of as a cementitious grout in sub-surface 

concrete vaults at Hanford's 200-East Area. Two categories of scenarios were 

analyzed that could cause humans to be exposed to radionuclides and chemicals 

from the grouted waste: contaminated groundwater and direct intrusion. In 

the groundwater scenario, contaminants are released from the buried grout 

monoliths, then eventually transported via the groundwater to the Columbia 

River. As modeled, the contaminants are assumed to l each out of the monoliths 

at a constant rate over a 10,000-year period. The other category of exposure 

involves intruders who inadvertently contact the waste directly, either by 
drilling, excavating, or gardening. 

Long-tenn impacts that could result from disposal of PSW grout were 
expressed in tenns of incremental increases of 1) chemical concentrations i n 

the groundwater and surface waters, and 2) radiation doses. None of the 
calculated impacts exceeded the corresponding regulatory limits set by 

Washington State, the Department of Energy, or the Nuclear _Regulatory 

Commission. 
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The lon g- t erm performance of t he grout disposa l syst em for Ph os ph at e/ 
Su l fate Wa ste (PSW ) was ana lyzed. This re port doc uments the performance 
asse ssment, which served as i nput to th e Envi ronmental Assessment for the 

Grouting and Near-Surf ace Disposa l of Low-Leve l Rad ioac tiv e Pho so hate / Sulfate 

Waste from N Reactor Operations (U.S. DOE 1986a). The long-term performance 

of the PSW grout disposa l system was evaluated in terms of 1) potent i al i nc re

menta l i ncreases of regu l ated chemicals i n groundwa t er and i n th e Columbia 

Ri ver, and 2) potent i al incremental ~adiat i on doses to a person who e ither 

i ntrudes directly into a grout monolith or uses groundwater contamina t ed by 

l ong-term re lease of PSW radionuc l ides. 

PSW GROUT DISPOSAL SYSTEM 

The Phosphate/Sulfate Waste discussed in this report is a low-level 
radioactive waste generated by activities associated with operation of the 

N Reactor on the Hanford Site near Richland, Washington. Contaminants· in the 
waste inc l ude radionuc li des, and nonradioactive chemicals that are regulated 

by federa l and state drinking water standards. The waste wi ll be mixed with 

grout-fanning materials (cement, fly ash, and clays) and th_en pumped as a 

s l urry into sub-surface concrete vaults on the Hanford Si te for hardening and 

permanent di sposal. 

The PSW grout disposa l site is located in the 200-East area of the 
Hanford Site. Th e currently projected volume of PSW wil l require t he use 

of approximately 12 rectangular vaults made of reinforced concrete. Each 
vault will be 10.4 m deep, 15.24 m wide, 38.1 m long, and lined on the inside 

with hi gh-density polyethylene. Each vault will be covered with concre t e 
cover blocks and soil backfill, then filled with radioactive grout up to about 
90% of the vault's volume. The remaining 10% of each vault will be filled up 

to the concrete cover with nonradioactive grout. Fina l ly , an overburden 

of so il and roc k will be placed over the vaul t s . 
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MODEL OF GROUT DISPOSAL SYSTEM AND APPROACH OF PERFORMANCE ASSESSMENT 

In this performance assessment, we used environmental pathway models to 
project transport of contaminants from the disposed waste form to points of 
human access. The transport may be the result of natural release mechanisms 
(e.g., dif fusion ) or a consequence of inadvertent disruptive intrusion. 

Over very long periods of time (hundreds or thousands of years), the 

vault and liners are expected to degrade and allow some degree of contaminant 

migration into the soil layers around and below the vault (vadose zone). 
Water percolating down through the vadose zone could carry contaminants down 

to the groundwater and subsequently to uncontrolled areas such ·as the Columbia 

River, where humans could be exposed to the contaminants. In addition, 

because institutional contr-01 of the Hanford Site cannot be ensured indefi-

• , nitely, an inadvertent intruder could conceivably move onto the grout disposal 
site and be exposed to the grout contaminants by drilling, excavating, or 

gardening. 

... The physical transport processes that could result in contamination of 
the groundwater were modeled using a number of simplifying assumptions. An 

intact grout monolith was assumed to be in direct contact with the surrounding 

soil; no isolation credit was taken for the liners, vault, water-shedding cap, 
or barrier. In this model, the monolith was assumed to be bathed with incom

ing water and all the contaminants leached out of the monolith at a constant 

rate over a 10,000-year period. (Laboratory leach tests on small cylinders of 

simulated grout, in conjunction with the assumption of a diffusional release 

mechanism and a subsequent release model that can be scaled up to describe 

field-scale release, indicate that total release from an uncracked monolith 

would actually occur over a much longer period than 10,000 years; the constant

release model used here is more conservative than the assumed actual release 

model would be.) Once contaminants enter the vadose zone, they were modeled 

as traveling to the groundwater via vertical, one-dimensional transport. Some 

radionuclides travel through the vadose zone more slowly than water, because 
they are sorbed on the soil. Some of the nonradiological contaminants form 
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precipitates in the soil, and hence their transport in the vadose zone is 
solubi li ty-l imited. The remainder of the contaminants were modeled as having 
the same travel time as water. 

Th e amount of water availab l e to carry contaminants through the vados e 
zone i s a fraction of th e amount of precipitation. There fo re, th e ana lys i s 
was perf ormed for two recharge rates: one represents an est imate of current 

cli matic conditions, and the other encompasses the effects of a hypothet i cal 

wetter climate. 

The second means by which humans could become exposed to contaminants 

from the grout site is by direct intrusion. Active contro l s of the grout 

disposal site were assumed to cease 100 years after disposal (although th i s 

si tu at io n is extremely unli1ely). A suite of inadvertent-intruder scenar ios 

was postu l ated (drilling, excavating, and gardening), and the resulting 

radiological doses were calculated. 

Calculations of radiological dose to humans are directly related to a 

number of parameters specific to each radionuclide: sorption in the vadose 
zone, rate of radioactive decay, and effect of the radionuclide on various 

organs in the human body. Two computer codes were used to calculate the doses 

assoc i ated with various exposure scenarios: the 0NSITE/ MAXIl code (Nap i er 

et al. 1984) and the DITTY code (Napier, Peloquin and Strenge 1986). 

RESULTS 

Long-term impacts that could result from disposal of PSW grout are 
expressed i n terms of incremental increases of 1) chemical concentrations in 

the groundwater and surface waters, and 2) radiation doses. The impacts are 

then compared to correspondent regulations. 

Nonradiological Chemical Impacts 

Projected incremental increases in concentrations of regulated chemicals 
are listed in Table S.l. The concentrations were calculated for two loca

t ions: at a hypothetical well 5 km downgradient from the PSW grout disposa l 
site, and in the Columbia River. Although the groundwater below the Hanford 
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TABLE S.l. Calculated Increase in Concentrations of Regulated Chemicals • 
in a Hypothetical 5-km Well and in the Co lumbia River, mg/L 

Pr imary 
Contamin an t s 

Arsenic 

Bari um 

Cadmium 

Chromium 
Fluoride 

Lead 
Mercury 
Nitrogen 

Selenium 
Silver 

Secondary 
Contaminants 

Chloride 

Copper 

Iron 
Manganese· 

Sulfate 

Zinc 

In 5-km Well Water In Columbia River Water Washington 
_...,.... ______ _,R .... e_c_ha_r__,g'-e_Ra_t_,,e.,..:.,._cm...:./~y_r _____ State Drinking 

0. 5 5. 0 0.5 5.0 Water Limit 

2 X 10-2 

6 X 10-4 

3 X 10- 5 

1 X 10-3 

3 X 10-2 

4 X 10-3 

1 X 10-4 

3 X 10-l 

1 X 10-3 

1 X 10-3 

3 X 10-l 

8 X 10-4 

3 X 10-4 

3 X 10-4 

3 X 101 

3 X 10-4 

1 X 10-2 

4 X 10-3 

2 X 10-4 

1 X 10-2 

2 X 10-l 

3 X 10-2 

·9 X 10-5 

3 X 10-l 

8 X 10-4 

8 X 10-3 

3 x 10-l 

7 X 10-3 

3 X 10-3 

2 X 10-3 

2 X 10 1 

2 X 10-3 

7 X 10-l0 

3 x 10- 11 

1 X 10-l 2 

4 X 10-ll 

1 X 10-9 

2 X 10-lO 

5 X 10- 12 

1 X 10-8 

5 X 10-ll 
4 X 10-ll 

2 X 10-8 

4 X 10-ll 

l' x 10- 11 

.1 X 10-ll 

1 X 10-6 

1 X 10-ll 

7 X 10-l0 

2 X 10-lO 

1 X 10- ll 

6 X 10-lO 

1 X 10-8 

2 X 10-9 

5 X 10-l 2 

1 X 10-8 

5 X 10-l2 

5 X 10-lO 

2 X 10-8 

4 X 10-lO 

2 X 10-l0 

l X 10 -lO 

1 X 10-6 

1 X 10-lO 

0.05 

1.0 

0. 01 

0.05 

2.0 

0 .05 

0 .002 

10 .0 

0.01 

0.05 

250 

1.0 

0.3 

0 .05 

250 

5.0 

Site does not constitute a public water supply, Washington State limits (as 

given in the Washington Administrative Code) are listed for comparison (WAC 

1985). All calculated concentrations are below these limits established for 

drinking water. 

The Hanford Reach of the Columbia River is governed by Class A water 

qual ity standards for the State of Washington (WAC 1984). These standards do 

not list specific concentration limits for inorganic chemicals, but they do 

include limits on biological waste, turbidity, thermal waste (heat), and 

aesthetic qualities of the river. The incremental increases of chemica ls in 
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Columbia River water from disposal of PSW grout are projected to be very low 
and will comply with all Class A water quality standards. 

Radiological Impacts 

A summary of calculated radiological impacts i s provided i n Table S. 2; 
these va lu es repre sent incremental in creases in dose. Correspondent regula 

tory limits are also listed for comparison. Maximum dose to an intruder is 

compared to limits established in DOE Order 5480.lA (U.S. DOE 1981a) and by 

the Nuclear Regulatory Commission for shallow-land disposal of commerc i al 

low-level wastes (U .S. NRC 1982a). Maximum dose from the drinking water 

scenario is compared to Washington State limits for a pub li c water supp ly (WAC 

1985). In the short term, strontium-90 and cesium-137 dominate the intruder 

impacts. The long-term radiological impacts result primarily from uranium-

238. 

TABLE S.2. Surrmary of Maximum Radiological Impacts 

Scenario 

Drinking Water, 
0.5 cm/yr recharge 

Full Carden~ 
5.0 cm/yr recharge 

River, both recharges 

Intruder (residential 
home gar,jen) 

( a) WAC ( 1985 ) • 
(b) U.S. NRC (1 982a). 
(c) U.S. DOE (1981a). 

Dose, mrem/yr 
Total Body/ 

Critical Organ 

0.02/0.3 

0.05/0.4 

60/200 

Reg\! 1 ator-y Dose 
Limit, mrem/yr 
Total Body/ 

Critical Organ 

25/75 (b) 

500/1SOO(b,c) 

PURPOSE AND CONCLUSIONS OF PERFORMANCE ASSESSMENT 

Dominant 
Radionuc li,j e 

This performance assessment was prepared as input to the environmental 

assessment for PSW grout. An environmental assessment 11 means a concise publ ic 

document ... th~t serves to briefly provide sufficient evidence and anal ysis for 

determining whether to prepare an environmenta l impact statement or a finding 

of no significant impact 11 (U.S. EPA 1985a). Thus, an env ironmental assessment 

is a scoping document written to assist decisionmakers. 
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Environmental assessments, and other such documents described by the 
National Env i ronmental Policy Act (NEPA) of 1969, typically include a ''bound
i_ng analysis" to help foster what NEPA calls "excellent decisions." A bound
ing ana lysis is performed with a set of data, modeling assumpt ions, and acci
dental re ease scenarios, the total of which is suffici ent ly conservative so 
that there is a high degree of confidence that as a resu lt of the compounded 

conservatisms, the calculated (predicted) environmental impacts will exceed 

those expected in practice. Individual parameters are not necessarily extreme 

values. They may be mean values in cases where ample data warrants such a 

choice, or values well on the conservative side of the expected mean for parame

ters with highly uncertain ranges of values. Furthermore, when uncerta i nties 

exist regarding modeling assumptions, the assumptions are made on what is con
sidered to be the side of c·onservatism. Finally, accident scenarios are chosen, 
within the bounds of credibility, to describe the most serious incidents (i.e., 

those with the greatest impacts) that could reasonably occur. (For this per
formance assessment, "accident scenarios" were the scenarios of inadvertent 

intrusion fnto the grout disposal site.) 

To support the environmental assessment for grout disposal of PSW, the 

authors of this long-term performance assessment used models and the best 

available data to provide what is believed to be a "bounding analysis" such as 

that described above. The results can then be used as input for determining 

whether to prepare an environmental impact statement or a finding of no 

significant impact. 

To assist decisionmakers, calculated impacts were compared to potent i al ly 

applicab le regulations. It is not precisely known what regulations wi ll app ly 

to the Hanford Site and surrounding areas during the post-operational period 

of disposal. Regulatory requirements were conservatively assumed to apply for 

a period of 10,000 years following disposal. None of the calculated impacts 

exceeded the regulatory limits that were reviewed and provided for comparison. 

Therefore, the results of this performance assessment indicate that grout 

disposal of PSW can provide long-term protection of public health and safety . 
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This report documents the long-term performance assessment that is 
described i n DOE / EA- 0312, Environmental Assessment for the Grout i ng and 
Near-Sur&ace Di soosa of Phos ph ate / Su lfat e Waste f rom N ~eac to r Operations 
(U.S. DOE 1986a ) . 

The Environmental Assessment (EA) was prepared for the Grout Disposal 

Program, which is managed by Rockwell Hanford Operations (Rockwe l l ) . The EA 

applies specifically to Phosphate / Sulfate Waste f rom N Reactor Operat ions 

(PSW), a low-level radioactive waste stream scheduled for grout disposal. In 

this application, grout is a mixture of liquid wastes and grout-forming solids 
(portland cement, fly ash, and various clays) that will be pumped as a sl urry 

to sub-surface reinforced concrete vaults where it will subsequently harden 
into a solid matrix that irranobilizes the waste. The primary purpose of the 
perfonnance assessment (PA) contained in the EA was to investigate whether the 

grout disposal system for PSW grout could provide long-term protection of 
public health and safety. To accomplish this goal, Pacific Northwest · 

Laboratory (PNL) researchers investigated the pathways and mechanisms by which 
wastes could conceivably be transported to the biosphere. The results of t he 

study were then compared with potentially applicable federal and state regu la

tory reqtlirements. 

This report begins with a discussion· on the rudiments of a PA (C hap-

ter 2.0). The progression and organization of the remainder of the report are 

shown in Figure 1.1. Chapter 3.0 describes the PSW waste stream and the grout 

disposal system. Chapter 4.0 describes the inventories of contaminants 

(radionuclides and inorganic chemicals as regulated by drinking water stan

dards) in the PSW grout and how we model the release of contaminants from 
grout. Chapter 5.0 describes the simulated transport of contaminants in the 

soil surrounding the PSW grout disposal site and the subsequent movement of 
the contaminants in Hanford groundwater to points of access by humans. Chap
ter 6.0 describes the method of calculating radiological doses projected to 

result from hypothetical transport of radionuclides to the biosphere. For th e 

reader 1 s convenience, technical terms are defined in Chapter 7.0 . 
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2.0 PHILOSOPHY OF PERFORMANCE ASSESSMENT 

This chapter begins by discussing the purpose of PAs, typical steps in 
·the PA process, and how the results of a PA can be used. Section 2. 2 gives an 
overvi ew of how t he PA process was used to eva l ua t e a speci fic appli ca tion : 
the perfo rmance of the disposa l system for PSW grout. 

2.1 GENERAL DISCUSSION OF PERFORMANCE ASSESSMENTS 

Performance assessment is a multidisciplinary exercise aimed at predict

ing a system's response to reasonably projected conditions over a designated 

period of time. The primary purpose of a PA is to estimate whether a system, 
as designed, will comply with applicable regulations. Typically, long-tenn 

perfonnance assessments are conducted for a range of performance condit i ons. 

Scenarios are selected that represent the expected behavior of the system as 
well as perfonnance under stressed or partially failed conditions. Because 
researchers often lack quantitative data pertaining to the long-term durabil

ity of the system, conservative estimate~ are selected in an attempt to pro
duce a bounding analysis (i.e., a prediction of perfonnance under less than 

optimal conditions). 

The steps of a PA are shown in Figure 2.1. First the system and its 

envirorim~ntal setting are defined. Applicable regulations dictate the level 
of detail necessary to define the system. Second, a set of scenarios is 

developed to postulate reasonably foreseeable stresses on the system. Next, 

the physical responses of the system to the scenarios are modeled. Last, t he 

consequences of the scenarios are calculated and compared to applicab le 

regulations and design goals. If the consequences are acceptable, system 

planTiing may proceed. 

Although the procedure for a PA is simple in concept, applying the 
approach to actual situations can be very difficult. This is particularly 
true for cases in which the engineered system is poorly defined, the environ
mental setting is not well known, or when the system's perfonnance must be 

projected over extended t ime periods . Where unknowns or uncertainties 

exist, estimates must be made. As previously mentioned, conservative 

APP 9B-19 



Modify 
Des ign 

Conceptual 
Design 

1- - - - - - - - - I 

I r;::::::==:::, I 

Define 
System 

Environmental 
Setting 

1 ___ ---- -

Take Credits 
for Svstem ·s 
Impedances 
to Fa ilu re 

Hypothesize 
Stress on 
System 

Reduce 
Conservatism 
,n Model 

Pro1ect 
Performance 

of System 

Ca lcu late 
ConseQuences 

Applicable Regulat ions 

OOE;' RL 88-27 
Rev . 1 , 01 / 17 / 90 

No 

Yes 

Proceed W ith 
Pldnn1ng 

FIGURE 2.1. Procedure for a Perfonnance Assessment 

estimates are often used to ensure that the analysis will represent the upper 

range of credible impacts. For example, if we know that the rate of r~lease 
fo r a certain contaminant is between x and y, with y representing the most 

rapid release, we model the release of the contaminant using the release rate 

y, so long as other model parameters are compatible with the release rate y. 

Most" PAs perfonned for waste disposal systems overestimate potential con

sequences in order to compensate for inherent uncertainties. Examples of 

these uncertainties are 1) waste characteristics, system design parameters, 

and waste fonn perfonnance; 2) the understanding of contaminant transport; and 

3) the se l ection of the reasonable intrusion scenarios to be analyzed. 

2.2 APPROACH TO PERFORMANCE ASSESSMENT IN THIS REPORT 

The purpose of this PA is to support the EA by investigating whether the 

PSW grout disposal system can adequately provide long-tenn protection of 
public health and safety. The PA contains a number of simplifying assump

ti ons, as well as a level of uncertainty that cannot ·be quantified at this 
time. When the PSW grout disposal system and associated app licabl e regula

tions become more clearly defined, a 11 retroactive 11 PA could be conducted in 

order to more defensibly project regulatory compliance. 
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In this PA, we model the transport of contaminants from the waste form to 
points of human access. Following the general procedure that was shown in 
Figure 2. 1, the PSW grout disposal system and its env ironmental setting were 
defined as shown in Figu re 2.2. (A detailed descript ion of the PSW grout 
disposal system is given in Sect ion 3.3 of this report. ) Because it is not 

yet poss i ble to quantify the degree of protection afforded by the grout vau lt 
st ru cture ( i.e., cement wa ll s and li ners), the monol ith was mode l ed as 
directly contacting the soil. 

A number of scenarios were postu l ated to occur over a 10 ,000 -year period 
fol lowing disposal of PSW grout. The scenarios identify pathways by which 

contaminants could be tran~ported f rom the monoliths to humans. Two types of 

pathways were postulated: 1) migration of contaminants i nto the groundwater 
and then to the Columbia River, and 2) inadvertent intrusion into the grout 

site after a hypothetical loss of institutional (government) control. The 
first pathway (groundwater) applies both to radionuclides and nonradiological 

:r 'i' Hypothetical 
''-1. \, Oowngradient 

~ \ Exposure 

• , .. · ~- . ·:. ::. 7: - • .-
•: :•, :: 

·. · ·.:: . --~- . ·- -.: . ~ .... :,,: . 
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FIGURE 2.2. Conceptual Model for Grout Disposal System and Potential 
Exposure Pathways 
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chemicals . Contaminant transport via groundwater is described in Chapter 5.0 . 
Calculated concentrations of chemical contaminants in groundwater and in the 
Columbia River were compared to corresponding regulations. However, concen
trations of rad ionuclides mus t be translated to human radiation do ses in order 
to compare them t o regulations that limit radiat ion ex po sure to humans. Con 
sequently, ca lcul ated concentrat i ons of radionuclides in the groundwater and 
Columbia River were used as input for dose models, as described in Chapter 6.0. 

Chapter 6.0 also describes the second major pathway of contaminant transport: 
inadvertent intrusion into the grout disposal site. Calculated doses to an 

i nadvertent intruder are presented. 

2.2.2 Expected Performance Versus Modeled Performance 

The model of the grout disposal system differs from the actual system in 

several ways. Figure 2.3 compares the system as modeled to the actual system . 
Detailed descriptions of the grout disposal system and modeling approach are 
contained in Chapters 3.0 through 6.0. However, a few general differences are 

noted here. 

As designed, the grouted waste will be poured into plastic-lined, steel

reinforced concrete vaults. Each vault will be equipped with a leachate 

collection system. About 4 feet of nonradioactive grout will be poured on top 

of the radioactive grout. Above the grout will be a water-shedding cap and 

shielding mater i al up to ground level. Over long periods of time, the liners 

and vault may fail, allowing contaminants to diffuse out of the vau lt and into 

the soil where they could be carried down into the aquifer by advecting water. 

Some contaminants would move more slowly because of geochemical interactions. 

The contaminants would become dispersed before and after reaching the aquifer, 

resulting i n reduced concentrations. The monolith itself could also crack and 

crumb l e with age, potentially providing additional surface area from which 

contaminants could be leached. 

As modeled, the grout monolith is bathed with incoming water. Because it 

is not yet possible to specify how or when its containment structures wil l 

fail, no containment credit was taken for the liners or vault. However, the 

monolith is assumed to remain intact (uncracked) over the long term. As 
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modeled, the contaminants are unifonnly distributed throughout the grout 

monolith, and the entire inventory is released at a constant rate into the 

soil below. No credit was taken for reduced concentrations due to dispersion. 
The contaminants are modeled as traveling directly down to the aquifer and 

then horizonta lly to a hypothetical well and on to the Columbia River. 
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3.0 DESCRIPTION OF WASTE AND GROUT DISPOSAL SYSTEM 

A var i ety of low-level liquid wastes (LLW) can be immobilized by grout
i ng. Th e spec ifi c l ow- l evel waste stream discussed i n thi s report i s call ed 

Ph osp hate/ Su l fat e Was t e f rom N Reactor Operat i ons (PS~) . Sect ion 3. 1 dis 

cusses t he nature and source of the waste streams that compose PSW . Sec-

tion 3.2 identifies the estimated volumes of the waste before and after 

grouting, and the composition of the grouted waste. Section 3.3 describes the 

di sposa l system planned for the grouted waste. 

3.1 ORIGIN OF PSW WASTE 

Phosphate / Sulfate Was~e is composed of three waste streams that originate 

at the N Reactor in 100-N Area of the Hanford Site. (The N Reactor produces 

special nuclear materials, and its byproduct steam is used to generate elec

tricity.) The waste streams are designated as phosphate waste, sulfate waste, 

and sandfilter backwash. 

Phosphate waste is produced during periodic reactor decontaminat i on us i ng 

a commercial decontamination agent that contains phosphoric acid, citric acid, 

and trace amounts of other chemicals. The resulting waste is a dilute aqueous 

solution of trisodium phosphate and citrate, containing trace amounts of 

inorganic chemicals and radioactive elements (radionuclides) of varying half

liv es. 

The two other waste streams that make up PSW--sulfate waste and sandf il 

ter backwash--are produced during periodic cleanup of the water in N Reac t or ' s 

spent-fue l storage basin. Ion-exchange resins remove radionuclides from recir

culated storage basin water. Sulfuric acid is used to regenerate the cation 

exchange resin; sodium hydroxide is used to regenerate the anion exchange 

resin. Extensive rinsing of the resins produces a dilute sodium sulfate waste 

solution. The acidic solution is adjusted to a pH of 12 with sodium hydroxide 

to l imit corrosion of the carbon-steel storage tanks. Also present in the 

basin-water cleanup system is a sandf~lter for removing entrained sol i ds f rom 

the water. Periodic flushing of the fi l ter with water generates sandfilter 

backwash waste in the fonn of a dilute slurry. 
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The volume of PSW to be grouted is projected to be about 43,000 cubic • 
meters. These 43,000 cubic meters are expected to be composed of 
2.45 x 104 cub i c meters of sulfate waste and 1.14 x 104 cub i c meters of 
phosphat e waste, which are then diluted wi th 7. 2 x 103 cubi c met ers of flu sh 

water. (The sandfilter backwash sludge is included in the vo l ume of sulfate 
waste. ) For each gallon of PSW, frpproxirnately 7.5 pounds of grout-forming 

solids (cement, fly ash, and clay ) will be added. The volume of the grouted 

waste wil l be approximate ly 56, 000 cub i c meters; the dens i ty wi ll be about 

12 lb / gal (1.44 x 103 kg / m3). The proportions of each component i n the dry 

so l ids blend are shown in Table 3. 1. 

Concentrations of radionuclides and chemica l s present in PSW are listed 

in Table 3.2. Not all radionuclides are significant in the assessment of t he 
long-term performance of disposed grout. Certain radionuclides have suf
ficiently short half-lives such that they do not affect the results of the PA. 
Other species can be considered 11 key 11 radionuclides because of their concen
trations, longevity, and mobility. The chemicals listed here are those 
ino rgan i c spec i es regu l at ed by the Washing ton Sta t e Department of Social and 

Health Services (WAC 1985). 

Nitrogen is regulated when it exists in the form of ni trate (N03) . How
ever, Table 3.2 includes nitrogen from ammonia (NH3). Nitrite and organic 

TABLE 3.1. Typical Dry Sol i ds Blend (a) 

Material 

Type I-II-LA portland cement 

Centralia, WA ASTM Class F, fly ash 

Attapulgite-150 drilling clay 

Indian Red pottery clay 

Amount 
(wt~) 

41 

40 

11 

8 

(a ) Based on the formulation developed at Oak Ridge 
National Laboratory. 
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converted to nitrate, and, therefore, all sources of combined nitrogen (par
ticularly organic nitrogen and ammonia) should be considered as potential 
nit rate sources 11 (U .S. EPA 1985b ) . 

The state drinking water standards do not appl y directly to the ground
water beneath the Hanford Site bec ause it is not a continuous source of pub li c 

drinking water. However, the chemical species eva luated in this PA were 

selected from those regulations for compar is on purposes. Comparison with 

these values provides an indication of the grout system 1 s performance under 

the most restrictive of standards. 

3.3 DISPOSAL STRUCTURE 

The slurry wi ll be pumped into subsurface disposal vaults, where it wjll 

harden into a solid matrix that immobilizes the waste. A preliminary design 
of the disposal vault is shown in Figure 3.1. Each vault will be 10.4 m deep, 

15.24 m wide, and 38.1 m long. The walls and floor will be made from steel

reinforced concrete. Each vault will be lined with a high-density polyethylene 
liner which will prevent dewatering of the grout during setting and curing. 
An add it ional liner wi ll provide redundant protec tion . Two l eachate co l l e~

tion systems wi ll be installed: one to remove leachate from the base of t he 

grout monolith; the other from between the two liners at the bottom of each 

va ult (to remove any leachate that may penetrate the primary liner ) . A con

crete cover and a cl ay or asphalt cap will then be placed over the vault; and 

the remaining volume above the cap will be filled in with shielding bac kfill 

up to grade. 

Each vault wi ll hold approximately 5, 000 cub ic meters of radioactive 

grouted waste. The unfilled volume of the vault (about 1,000 cubic meters ) 

wi ll be fill ed with nonradioactive grout to prevent subsidence . Hence, the 

radioactive grout will be about 9 m thick, and the nonradioactive grout will 

be about 1.5 m thick. The final distance from ground level down to the top of 
the radioactive grout will be 5 m. 

Final closure of t he PSW grout disposal site wi ll include emplacement of 

an interim surface barrier over the vaults. 
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TABLE 3.2. 

Ch emi cal 

Arsen i c (As ) 

Bar i um (Ba ) 

Cadmium (Cd) 

Chromium (Cr) 

Fluoride (F) 

Lead (Pb) 

Mercury (Hg) 

Selenium (Se) 

Silver (Ag) 

Chloride (Cl) 

Copper (Cu) 

Iron (Fe) 

Manganese (Mn) 

Sulfate (S04 ) 

Zinc (Zn) 

Nitrate (N03 ) 
Anmonia ( NH3 ) 

Radionuclide (a) 

Carbon-14 

Cobalt-60 
Strontium-90 

Technetium-99 

lodine-129 

Cesi um-137 

Uranium-238 

Plutonium-239 

Amercium-241 

D0E/ Rl 88-27 
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Concentrations of Chem~~,ls and Radionuclides 
Present in PSW Streams 

Concentration in 
Sulfate Stream, 

moles/L 

6,7 X 10-S 

<4.0 X 10- 7 

<2,2 X 10•6 

<6,0 X 10•7 

<1.4 X 10- 4 

<3,9 X 10-6 

1,0 X 10- 7 

6,3 X 10- 8 

<9, 0 X 10• 1 

1.1 X 10- 3 

<s. o x 1 o· 7 

<1,6 X 10-6 

<3.6 x 10·5 

2,4 X 10• 2 

<a.O .x 10·7 

2.2 .x 10·4 

Concentration in 
Su 1 fate Stream, 

Ci/L 

9,9 X 10• 14 

2,0 X 10•6 

3.3 .x 1o·S 

4.0 X 10-9 

7 ,0 X 10- 14 

s.o x 10·5 

1. 1 X 10-9 

2,4 X 10•7 

3,3 X 10•lO 

Concentration in 
Phosphate Stream, 

moles / L 

6,7 X 10-S 

6,3 X 10- 7 

3.6 .x 10· 8 

4.7x10· 5 

1.0 .x 10· 3 

3.6 X 10• 7 

4.8 X 10- 8 

6.3 X 10- 8 

1.9x10- 7 

1.ox10·3 

1.8 X 10-6 

5.6 .x 10· 3 

6.5 .x 10· 4 

1.3x10·3 

1,8 .x 1o·S 

<2,0 X 10• 3 

<8, 7 X 10• 2 

Concentration i n 
Phosphate Stream, 

Ci/L 

6,0 X 10.8 

1, 6 X 10•4 

2.2 X 10•lO 

4.0 X 10•9 

1.1 X 10• 15 

9.3 .x 10•1. 

1,8 X 10•l1 

5,2 X 10•9 

1 , 2 X 1 o •8 

Concentration 
in Sandfilter 

Backwash, 
uo/ o 

0. 08 

4 

1. 6 

1. 3 

2.5 

32 

0.5 

0.5 

32 

2.5 

5.9 

1,320 

8.2 

25 
31 

Concentrat ion 
i n Sandf il ter 

Backwash, 
Ci/kg 

8,4 X 10- 15 

6,2 X 10-l 

2.8 X 10-6 

4.2 X 10-S 

5,9 X 10- 15 

3.8 X 10- 2 

1.1 X 10•12 

1 .0 X 10• 7 

6 2 10-7 
• X 

(a) Source: U.S. 00E (1986a). 

nitrogen are not present in the waste streams. Including all sources of 

nitrogen in the inventory is consistent with the Environmental Protection 

Agency 1 s (EPA 1 s) Proposed Rule for National Primary Drinking Water Regula

tions, which states, 11 Most nitrogeneous materials in natural waters tend to be 
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FIGURE 3.1. Preliminary Design of a PSW Grout Disposal Vault 
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To quant itat i ve ly project a contaminant's movement out of a grout mono
lith an d th rough t he env i ronment , t he source te rm of eac h contami nant i n th e 
grout monoli t h mus t be defi ned. In th i s context , "sou rce t erm 11 refers not 
on ly t o th e i nventory of contami nants i n t he grout mono lith, bu t also to th e 

amount released from the mono l ith and hence available for transport. Th i s 

chapter describes how the source terms for specific contaminants were calcu

lated for the PA for PSW grout. 

Section 4.1 discusses the inventories for the rad i onucl i des and the 

regulated nonradioactive chemicals. Sect i on 4.2 describes the calcula t ion of 

the f ract i on of waste released from the monolith as a funct i on of time . 

4.1 CALCULATING THE WASTE INVENTORIES 

The inventories of specific chemicals and radionuclides in the PSW 
streams are based on analyses of actual waste samples. The dry grout-forming 
solids added to the waste also contribute to ttie total inventory of regulated 
nonradioactive contaminants. Estimates of the dry solids' contribution t o 

this inventory are based on quantitative analyses of various dry sol i ds com

ponents. Sections 4.1.1 and 4.1.2 describe how the inventory of each chemi ca l 

and radionuclide was calculated. 

4. 1. 1 Chemi ca 1 Inventory 

As stated in Section 3.2, the nonradioactive chemica l s in PSW grout that 

were evaluated i n the PA were those 1 i sted in state dr i nk ing-water standa r:ds 

(WAC 1985 ) . The primary and secondary standards are included. The inventory 

of all regulated inorganic chemicals in PSW grout (Table 4.1) includes contri

butions from the three waste streams, the dry grout-forming solids, and any 

processing additives such as de-aerating agents. The contributions from the 

waste streams are projected to be the same as those measured in actua l waste 

samples. The chemical concentrations in PSW streams shown in Table 3. 2 were 
mu l tipl i ed by the tota l volume of each waste stream to produce the data sh own 
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TABLE 4.1. Nonradiological Regulated Chemicals in PSW Grout, kg 

Source 
From From From 

Chemical 
Phosphf!' 
Stream 

Sul fau) 
Stream 

Sandfi 1 tf [) 
Backwash Subtotal 

From ( b) 
Dry Solids Total(b) 

Arsenic 0.057 0 .123 0.0001 0.180 680 680 

Barium 0.980 1.35 0.005 2.3 54,000 54,000 

Cadmium 0.046 6.06 0.002 6.1 64 70 

Chromium 88 0.764 0.0016 29 4,300 4,300 

Fluoride 223 65.l 0.003 290 290 

Lead 0.843 19.8 0.038 21 45 66 

Mercury 0.109 0.49 0.0006 0.61 4.5 5.1 
:l> 

" Selenium 0.057 0.122 0.0006 0 . 18 45 46 " 
\0 

Silver 0.230 2.38 0.038 OJ 2.6 45 48 
I 

w 
Chloride 412 ...... 955 0.003 1,400 14,000 15 ,000 

Copper 1. 3 o. 780 0.0.07 2 .1 2,000 2, 000 

I ran 3,550 2.19 1. 58 3,600 1,900,000 1,900,000 

Manganese 408 48.5 0.010 460 21,000 21, 000 

Sul fate 1,400 56,500 0.030 58,000 1,100,000 1, 200, 000 

Zinc 13.5 1.28 0.037 15 5300 5,300 

Nitrogen 14 ooo(c) 75 0 14,000 14,000 ;:o , co 
< 

0 
...... a 

(a ) Source: U.S. DOE 1986(a). ~ rn 

-------(b) Includes chemicals in the 1.5-m layer of nonradioactive grout. 0 ;;o ,......., 
( C) Essentially all in the form of ammonia. -------....... co 

-...j CX) 

------- ' u>N 
0 -...j 
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in Table 4. 1. These volumes were 25,500 cubic meters of sulfate waste, 
11 ,400 cubic mete rs of phosphate waste, and 1,200 kilograms of sandfil t er • 
bac kwas h. 

Chemica l s in the Dry So l i ds 

Th e remai nder of t his sect i on descri bes how th e ch emical contribut i ons 

from the dry gr~ut-forming solids were calculated. Contributions from the dry 

solids were estimated from three sources: 1) analyses of the four dry soli ds, 

2) a separate ana lys i s of t he Centra l ia f ly ash, and 3) measurements of ch em

ical s i n an actua l sample of grout. In the last set of measurements , th e 

was t e st ream used to make t he grout sample was 60% actual phosphate was t e an d 
40% simu l ated sulfate waste (Serne et al. 1986). The processing addit i ve for 

PSW, tributyl phosphate, is not a regu l ated chemical and hence does not 

contribute to the calculated inventory of chemicals. 

The chemical contributions from the dry solids were calculated as 
follows. When more than one measurement of a chemical was available, the 

higher value was used. Certain chemicals were not detected in the samples, 
and hence the i r detection limits were used in calculating the tota l i nven to ry . 

Using detection l imits is conservative because it can result in the ca lcul ated 

inventory be i ng hi gher than the actual inventory. 

The total amount of dry solids in PSW grout is calculated in 

Equat i on (1) : 

(43 ,000 m3 waste)(7.5 lb solids\( 1 gal 
3
\(o.454 kg\ 

gal waste }~.00378 m9\ lb J = 
3. 88 X 10 
solids i n 
PSW grout 

7 

placed over 

kg 
( 1 ) 

the 9-m-The dry so li ds i n the 1.5 m of nonradioactive grout to be 

thick PSW grout must also be accounted for. Assuming the nonradioactive grout 

will be made from the same solids that will be used to produce the waste grout, 

we added it to the PSW grout volume: (3.88 x 107 kg)(l0.S m/ 9 m) = 

4.5 x 107 kg dry solids. 

An ana lysis of the four dry solids included measurements of arsen i c, 

barium, chromium, iron, manganese, sulfur, and zinc (Tab l e 4.2 ) . These va l ues • 
were multiplied by their weight fractions in the dry blend for grout (see 
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TABLE 4.2. Concentrations of Chemicals in Dry Grout-Forming Solids 

Element Cement Fly Ash Attapul gite Clay Pottery Cl ay 

Arsen i c ( ppm ) 6.3:: 2.5 23 ... 2 <2 15.5 ... 1.5 - -
Bar i um ( ppm ) 970 ::: 85 1540 ... 90 330 = 100 600 - 100 - -
Chromium ( ppm ) <80 75 ... 20 120::: 20 90 ± 20 -
Iron (wt~) 3.48 ± 0.17 4.73:: 0.23 2.09 ± 0 .10 4. 38 ± 0.20 
Manganese ( ppm ) 365 ± 15 590 ± 20 375 :: 10 203 ... 8 -
Su l fur (wt ~) 1. 1 :: 0.4 0. 28 ... 0 .1 <0. 03 <0 .03 -
Zi nc ( ppm ) 50 :: 6 180 ... 10 82 ... 5 85 = 5 - -

Table 3. 1) , and then multiplied by the total kilograms of dry solids. The 

ca l culat i on of arsenic is r~produced here as an example: 

[(8.8 ppm arsenic in cement)(0.41) 

+ (25 ppm in flyash)(0.40) + (2 ppm in attapulgite)(0.11) 

+ (17 ppm in pottery clay)(0.08)] x 10-6 x 4.5 x 107 kg solids 

= 680 kg arsenic in dry solids 

( 2) 

Inventory of Sulfate. In the PA, the total amount of elemental sulfur 

measured in the dry solids was conservatively assumed to be in the form of 

_ sul fate (S04) , which is a regulated chemical. Using the same procedure, 

~ approximately 1 x 106 kg of sulfate is calculated to exist in all PSW grout; 
the dry solids contribute about 95%. In a separate analysis, 11,000 to 22,000 

ppm of su l fate were measured in a grout sample (Serne et al. 1986). The 
higher measurement in that analysis yields the same mass of sulfate as was 
predicted from the measurement of sulfur in dry solids: 

(
22 6 000 kg su 1 fate_) (1 kg dry grout) (56 , 000 m3 grout) 
10 kg dry grout) 2 kg wet grout ( 3) 

(
1. 44 x 

3
103 kg grout\ (.lo. 5 

m grout ) \ 

1 x 106 kg 
m nonradioact i ve grout+ waste grou~\= sulfate i n 

9 m waste grout / PSW grout 
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Therefore, because two independent calculation methods yielded the same value, 
we have greater confidence that the calculated value is accurate. • 

Inventory of Chloride. Chloride is assumed to exist in the dry solids i n 
a concentrat i on of <300 ppm, based on a measurement of ch l oride in the grout 
samp l e (Serne et al. 1986). This assumption is conservative because it does 

not discount the amount of chloride contributed by the PSW. The calculation 
of chloride is parallel to the calculation of sulfate in Equation (3). 

Database. A sample of Centralia fly ash was also analyzed by California 

Analytical Laboratories, Inc. The results of this analysis are shown in 
Tab 1 e 4. 3. These data were used to enhance the database of che.mi cal concen-

trations in fly ash. When the database contained more than one measurement of 

a certain chemical, the higher value was used in subsequent calculations . 

No data were available for the concentrations of cadmium, lead, mercury, 

selenium, silver, or copper in the other dry solids (cement, attapulgite clay, 

TABLE 4.3. Concentrations of(i~emicals tn 
Centralia Fly Ash 

Element Concentration, ppm 

Arsenic <2 

- Barium 290 

Cadmium 1.4 

Chromium ( Tota 1) 25 

Lead <l 

Mercury <0.1 

Selenium 1 

Silver <l 

Copper 43 

Zinc 41 

(a) Letter, D. J. Leu (Department of 
Health Services, State of California) 
to T. A. Fox (Pozzolanic International, 
Mercer Island, Washington), 
August 20, 1984. 
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and Indian Red pottery clay). However, the concentrations of these trace 
elements are not expected to exceed their concentrations in fly ash. There
fore , the concentrations of these elements as measured in fly ash were assumed 
to be present in all 4.5 x 107 kilog rams of dry solids to be used in PSW 
grout . 

No data were availab l e on the concentrations of fluo ride or nitrogen in 

the four dry solids. However, a higher concentration of fluoride in PSW 

grout would not change the projected concentrations of fluoride in groundwater 

because fluoride is assumed to reach a maximum concentration in the vadose 
zone(a) due to solubility constraints (see Section 4.2.2). Therefore, any 

additional fluoride would form precipitates rather than dissolving in the 

groundwater. The calculated inventory of nitrogen is thought to be conserva
tive because it includes n-itrogen actually present as ammonia in addit ion to 

nitrogen in its regulated form, nitrate. 

4.1.2 Radionuclide Inventory 

The radionuclides addressed in this long-term PA are only those that have 
significant half lives and significant environmental impacts. Using the con

centrations listed in Table 3.2, the total curies in PSW grout were ca lcul ated 
as shown in Table 4.4. The calculations are based on 24,500 cubic meters of 

TABLE 4.4. Radionuclides in PSW Grout(a) 

Sandfilter Concentration 
Phosphate, Backwash, i n Gro~t:, 

Radionuc lide Sul fate 1 Ci Ci Ci Total Ci Ci / m 

Cart)on-14 2.4 X 10·6 6.8 X 10- 1 1.0 X 10-11 6.8 X 10-1 1. 2 X ,o-s 

Cobalt-60 4.9 X 101 1.9 X 103 7.4 X ,oz 2.7 X 1 o3 4.8 X ,0 -2 

Strontium-90 8.1 X 102 2.5 X 1 o-3 3.4 X 10-3 8. 1 X 102 1 • 4 X ,0-2 

Technetium-99 9.8 X 10·2 4.5 X , 0· 2 5. 1 X 10·5 1.4 X 10-1 2.6 X ,o-6 

lodine-129 1. 7 X 10-6 1.2 X 10-e 7. 1 X 10-12 1. 7 X ,o-6 3.1 X 10- 11 

Cesium·t37 1.2 X 103 ,. 1 X 10 l 4.6 X 101 1. 3 X 1 o3 2.3 X , 0-2 

Uranium-238 2.7 X 10·2 2.0 X ,o·4 1.3 X ,a·9 2.7 X 10-2 4,8 X ,o-7 

Plutonium-239 5.9 X 100 5.9 X 10· 2 1.2 X 10-4 5.9 X 1 o0 ,. 1 X , o-4 

Americium- 241 8.1 X 10·3 1.4 X , 0-1 7.4 X ,o-4 1.5 X ,0-1 2.6 X ,o-6 

(a) 5. 66 X 104 m 3 of disposed grout. Source: u. s. DOE 1986 (a} . 

(a) The vadose zone is the unsaturated region of soil between the ground 
surface and the water table. 
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sulfate waste, 11,400 cubic meters of phosphate waste, and 1,200 kilograms of 
sandfilter backwash. The final concentrations are also based on the current 
projection of 5.66 x 104 cubic meters of grout at final disposal. 

Radionuclides could also be present in fly ash, one of the dry grout
forming sol id s. Measurable levels of potassium-40 and radium- 226 are known to 
be present i n certain certain fly as hes (u p to 26 pCi / g of 4°K and up to 

10 pCi/g of 226Ra), as reported by the Electric Power Research Institute 

(EPRI 1983). However, we did not attempt to quantify the radiological contri

bution, if any, from Centralia fly ash in this analysis. A radiochemical 

assay of Centralia fly ash is planned, and if the activity is found to differ 

significantly from that naturally present in soil, the results could be used 
to modify this analysis. 

4.2 RELEASE OF WASTE FROM GROUT MONOLITH 

Release from the grout monoliths was modeled in two ways dependent upon the 
chemical speciation of the contaminant under consideration. Contaminants that 

are not limited by solubility constraints were modeled as being released at a 
constant rate while the less soluble contaminants were assumed to be released 

according to their solubility limits and the annual volume of water available 
for transport. The subsequent transport of the contaminants in the vadose 

zone and -in the groundwater is described in Chapter 5.0. 

4.2.1 Constant-Release Model 

Contaminant movement downward from the PSW grout disposal site was 

modeled as constant across a horizontal cross-section beneath the disposal 

site. This implies a unifonn release per horizontal area of soil in the grout 

site. We assume that the grout monoliths are unifonnly spaced throughout the 

grout site, and that the composition of each monolith is the same. For the 

soluble contaminants, the release rate for each monolith is modeled as a 

single constant' value, unaffected by the water flow rate or water chemistry. 

The constant release continues until the total radionuclide and chemical 
inventory in the monolith has been leached. 
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The model calculations use 10,000 years as the rel ease t i me interva l fo r 
re l ease of all radio nuc li des and chemica l s from a PSW grout mono lith (with 
th e exc eption of those chemicals with solubility-contro ll ed re l eases ) . Thi s 
re l ease i nt erva l was calcu lat ed using laboratory data fr om PN L leachi ng 

experiment s conducted on smal l PSW grout cyli nders. The followin g equa t i on , 

wh i ch i s supported by the American Nuc l ear Society (ANS 1984 ) , describes a 

frac ti ona l re l ease f rom cy li ndrical monoliths that i s con tro ll ed by diffu s ion 

of con tami nants th rough t he grou t (H ui zenga et al . 1986) : 

whe re 

FR = 2 (A/ V) (De t /rr)l / Z 

FR = fraction relea·sed 
A = geometric 
V = geometric 

D = effective 
e 

(cm2/sec) 
t = time (sec ) 

surface area of the cylinder (cm2) 
volume of the cylinder (cm3) 

diffusion coefficient of the contaminant in grout 

( 4) 

It i s assumed that t he contaminants are initia l ly homogeneous ly dispersed in 

the cylinder, so that the release rate of any contaminant from any part of t he 
surface of the cylinder is the same. It is_ also assumed that the release from 
a cyli nder of f i ni te size can be approx imate by the re l ease f rom a semi

infinite slab (which never complete ly depletes), and that the leac hed contami 

nants are swept away rapidly such that the solution concentration at t he gro ut 
surface i s always zero for each contaminant. These assumpt i ons max imi ze the 

concentrat i on gradient between the monolith and the surrounding soil, and, as 

a result, maximize the projected rate of diffusional release. 

Data from the PNL laboratory studies (Serne et al. 1986) were plotted as 
fraction released versus time, and a value for the effective diffusion coef

ficient (D ) was estimated from a best fit of Equation (4) to the data. AD e e 
val ue of approx imately 10-9 cm2/ sec was obtained for the most mobi l e species. 

It was then assumed that the mode l coul d be app li ed to rel ease of contaminants 
f rom buri ed grout mono liths by using the same D and scali ng the time axis 

e 
based on differences in the surface-area- t o-vo lume ratio of t he two grout 

APP 9B - 37 



D0E/ RL 88-27 
Rev. 1, 01 / 17/ 90 

matrices. The surface-area-to-volume ratio for the large monolith 
( 5 4 ) -3 -1 10 .4 m x 1 .2 m x 38.1 m is 3.8 x 10 cm . 

Although the geometry of the lab tests differs from that of the actua l 
monoliths, (elongated rectangles rather than cylinders ) , scaling diffusiona l 

rel ease based on the surface-area-to-volume rat i o has been shown to be a cl ose 
approximation when l ess than 20~ of the total inventory has bee11 released. As 

discussed below, the release rates in this PA were based on the f raction 

released during the first 70 years after disposal. This fraction is 0.7~, 

which is signif i cant ly below the 20% upper bound. Contaminant re l ease that is 

controlled strictly by diffusion is not constant with time; rather, it is 
faster at the beginning of release when the concentration gradient is the 

highest. For this PA, the release rate was based on an estimation of the 

amount of a contaminant that would be released from a grout monolith during a 
person's average lifetime (70 years). Because the concentration gradient is 

highest initially, the fastest release would occur during the first 70 years 
after disposal. 

.. 
The rate of contaminant release was estimated by using Equation (4) with 

a D of 10-9 cm2/sec and a surface-area-to-volume ratio for the large grout 
e -3 -1 monolith of 3.8 x 10 cm . As mentioned above, the total amount of contami-

nant that would be released by diffusion in the first 70 years is approximate ly 

0.7% of the inventory. This 70-year average release rate was used to extra
polate a constant release curve from z~ro to the 100% re l eased limit (FR= 1) 

as shown in Figure 4.1. This limit was reached at approximately 10 ,000 years. 

(The initial parts of the curves are not drawn to scale, in order to show the 

detail at the 70-year point.) Throughout t his analysis, an average re l ease 

rate of approximately 0.01% per year was assumed, based on the initial 70-year 

time period of diffusioned release. 

Release Rate and Monolith Cracking 

The assumed constant release rate does not take into account a change in 
the rate of release caused by cracking of the grout monolith. It is difficult 

to project how cracking may affect contaminant migration. Models can be 

postulated to project how cracking may be detrimental or beneficial. For 
example, impedances to contaminant diffusion may develop as a result of dry 
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FIGURE 4.1. Scaled Curve of Fraction of Contaminant Re1eased from 
Grout Mono1ith as a Function of Time, Showing Extrap
o1ation Method for Constant Re1ease Approximation 

inner cracks within the monolith. On the other hand, if water were to pene
trate the grout vault and flow between the cracks, migration of contaminants 

would be enhanced because leach rates are direct1y re1ated to the surface

area-to-vo1ume ratio. Pre1iminary 1each tests perfonned on crushed grout 
samples indicate a disproportionate1y low rate of release based on scaling up 

Equation (4) by the surface-area-to-vo1ume ratio (Serne et al. 1986 ) . At this 

point, it is not possible to ascertain the reason for this anoma1y. The 
boundary conditions of the crushed grout experiments are not consistent with 
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those used when developing Equation (4); therefore, it is not strictly a valid 
expression for describing release from the crushed grout by passive diffusion. 
Another possible explanation for the lower-than-expected release of con
taminants from crushed grout is that release is not strictly caused by passive 
diffusion in the grout pore water. It is poss ible that chemical reactions 
occur on th e internal surfaces of the grout or in the pore water, thus alter
ing contaminant transport. Such chemical reactions have been evidenced by the 

presence of a heavy calcium carbonate precipitation on the crushed grout sam

ples. Studies are continuing in an attempt to validate models that predict 

release in cases where the waste form is stressed and cracked. As this infor

mat i on becomes available, it can be used to update this and future analyses. 

4.2.2 Solubility-Controlled Release 

Solubility constraints are expected to limit the rates of release of 
certain chemical contaminants from the grout matrix to the water in the vadose 
zone. To detennine which of the chemicals in PSW grout are solubility

contro11ed, site-specific parameters of the soil pore water outside of the 
grout vaults were used as input to the geochemical computer code MINTEQ 
(Felmy, Girvin and Jenne 1984). Based on the results, ten of the PSW chemical 

species regulated in WAC-248-54 (WAC 1985) were assumed to have solubility

controlled release rates: barium, cadmium, chromium, copper, iron, lead, 
manganese, silver, fluoride, and zinc. The solubility limits (maximum pre

dicted concentrations in the vadose-zone water) and underlying parameters are 

shown in Table 4.5. 

Concentrat ions of these elements in the groundwater system were est imated 

to be at their maximum solubilities in the vadose-zone water. Then, as con

taminants in the soil water percolated downward and mixed with water flowing 

in the unconfined aquifer beneath the PSW grout disposal site, concentrations 

of contaminants were reduced by the dilution. 
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TABLE 4.5 . 

Element 

Manganese 

Iron 
Chromium 

Copper 

Bari um 

Zinc 

Cadmium 

Si 1 ver 

Lead 
Fluoride 

DO E/ Rl 88-2 7 
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Solubility-Limited Concentrations as Calculated by MINTEQ 

Controlling Solid 

MnHP0 4 
Fe

3
(0H )

8 
Cr(0H) 3 
CuO (tenorite) 

BaS04 (barite) 

Zn 2Si04 (willemite) 

CdC0
3 

( otavite) 
AgCl (cerargyrite) 

P~C0
3 

(cerussite) 
CaF

2 
(fluorite) 

Assumed Parameters 

pH, 8. 1 

Eh, 295 mV 

Potassium, 7.8 mg/l 

Sodium, 25 mg/l 

Magnesium, 14.4 mg/L 

Calcium, 56 mg/l 
Chloride, 22 mg/l 

Sulfate, 85 mg/l 
H4Si04, 54 mg/l 

total carbonate, 86 mg/L 
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5.0 TRANSPORT OF CONTAMINANTS VIA GROUNDWATER 

This chapter presents the conceptual model of the groundwater scenar i o, 
and describes the mathematical theory on which it is based. Numerical values 
of input parameters required by the model are presented, as well as assump
tions and approximati ons that were made when actual physical data was unavai l 

able. Section 5.1 gives an overview of the model. Sections 5.2 and 5.3 

explain the two submodels used to simulate the groundwater scenario: water 
flow and contaminant transport in the vadose zone and in the unconfined 

aquifer, respectively. 

5.1 GROUNDWATER SCENARIO--OVERALL CONCEPTUAL MODEL 

Figure 5.1 illustrate-s the overall conceptual model for the groundwa t er 

scenario. In this scenario, impacts to members of the general public are 

postulated to occur through the following pathway: contaminants (mobile 
radionuclides and nonradioactive regulated chemicals) migrate out of the grout 

vaults over a period of time. No credit is taken for vault containment. The 
contaminants are assumed to enter the soil solution (moisture present in the 
soil) by the mechanisms described in Section 4.2. The contaminants then move 

downward through the vadose zone to the unconfined aquifer beneath the grout 
site. (a) _ Some radionuclides sorb to the porous materials in the ground and 

decay into insignificant quantities as they move downward. Solubility- limi ted 

chemicals are postulated to exist in t~eir maximum concentrations in the 

vadose zone. Upon entering the unconfined aquifer, the radionuclides and chem

ical contaminants move into the groundwater that is flowing under the grout 

site. The contaminants are modeled as migrating along with the groundwater as 

it moves past the location of a hypothetical well and then finally on to the 

Columbia River. 

(a) Contaminants in this scenario are assumed to have vapor pressures so low 
that vapor phase transport is negligible. The scenario further assumes 
that there are no mechanisms by which contaminants may migrate upward and 
be lost to the atmosphere through volatilization, or be removed from the 
site by soil erosion or water runoff. Exposure via a direct air pathway 
is addressed, however, by the inadvertent intrusion scenarios descr i bed 
in Chapter 6.0. The impacts resulting from inhalation of resuspended 
contaminants that were mixed directly with the soil are expected to be 
bounded by the scenarios in Chapter 6.0. 
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FIGURE 5.1. Conceptual Model for Contaminant Migration 

As a basis for evaluating long-term perfonnance, concentrations of 
regulated nonradioactive chemical species are compared to drinking water 

standards in Section 5.4 at both the groundwater well and in the Columbia 
River. To measure the long-term radiological impacts, exposure to the public 

is calculated based on ingesting the contaminated water from the hypothetical 
well, either through drinking the water directly from the well, or through 

eating crops and animals that were irrigated/fed with the contaminated water. 
Additionally, exposure is calculated (Section 6.3) as a result of drinking or 
using hypothetically contaminated Columbia River water. 
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Water flow and contaminant transport through the vadose zone are simu
lated by two models that are separate but linked. The details and assump tions 
of each are discu ssed separatel y. 

5.2.: ~ater F ow Th rough the Vado se Zo ne 

This section describes the vadose zone model and explains how values were 

calculated for the model parameters (e.g., physical properties of the vadose 
zone and the trave l time of water through the zone). 

Th e vadose zone below the future grout site is assumed to be composed of 
several horizontal layers of different thicknesses that have abrupt inter-

,, faces. Preliminary investi3ations of the vadose zone near the future grout 

site (observations of stratified soil columns) indicate that a vertical 
var i ation in soil properties does exist, and a number of distinct regions were 

identified. Figure 5.2 illustrates this conceptual model of the vadose zone. 
The properties of each layer (e.g., water content, hydraulic conductivity as a 
function of water content, sorption distributiori· coefficient) are assu~ed to 

be homogeneous throughout each layer. However, different layers may have 

di fferent properties. 

Water movement through the vadose zone is assumed to be steady-state, 
one-dimensional (vertically downward), and described by Darcy's law for 

unsaturated flow driven by a unit hydraulic gradient (i. e., other forces are 

assumed negligible compared to gravitational forces). Thus, the water f lux 

(equal to the recharge rate for our considerations) is equal i n magnitude to 

the hydraulic conductivity 

where 

q = K( 0) 

q = magnitude of steady-state water flux (recharge rate) 

e = water content 
K(0) = hydraulic conductivity at water content e 

( 5) 

Because the water flux is assumed constant throughout all layers of the 
vadose zone, it follows from Equation (5) that the hydraulic conductivity of 
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FIGURE 5.2. Conceptua1 Mode1 of the Vadose Zone and Associated 
Water F1ow and Contaminant Transport 

al l l ayers must be the same. If the layers have diff erent hydrau li c prooer

ties, the water content of a given layer must have a value (0; for t he ; t h 

l ayer ) such that 

K.(e.)=q 
l l 

(6) 

where K; (e ) is the hydraulic conductivity function for the ; th soil layer. 

The travel time of water through a given layer is calculated as the layer 
th i ckness di vi ded by the average pore water velocity. The average pore wa t er 

veloci ty is calculat ed as the water fl ux di vi ded by the average wat er content . 
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The total travel time for water through the entire vadose zone is calculated 

by summing the travel times through individual layers: • 

t = w 

n 

.I 
1 = 1 

t . 
Wl 

n 
= ( l 0.( q ) T .) / q 

. 1 1 1 1= 

where t = total travel time of water through vadose zone 
w 

t . = travel time of water through the ; th layer w, 
n = number of soil layers 

T. = thickness of the ; th soil layer 
1 

(7) 

and where the water content of the ; th layer has been written to show that it 

depends of the water flux, ..q. Un stab 1 e fl ow and viscous II fi ngeri ng 11 caused by 

the abrupt layer interfaces or by preferential paths through the porous media 

are assumed not to occur. 

The number of soil layers and the corresponding thicknesses used in the 

calculations of water travel time were taken from a hypothetical soil profile 

thought to be representative of the stratification at a location under the 

grout disposal site. This representative soil profile was generated by inter

polating data (Fecht, Last and Marratt 1979) from soil profiles (extending to 

the wate~ table) taken below the 216-A-8 and 216-A-37 cribs~ which are located 

on the north and south sides of the 241-AP tank fann and the grout disposal 

site. Figure 5.3 is a schematic diagram of this stratified column. 

Hydraulic conductivity functions (factors that affect the rate of water 

flow) for materials in these layers were not available. Instead, the hydraulic 

conductivity functions were estimated by assuming that they would be the same 

as those for materials with similar particle sizes and geologic soil types. 

Particle size distributions, saturated hydraulic conductivities, and water 

retention characteristics had been previously detennined for six soil samples 

taken from a 15-m-deep excavation at the 241-AP tank fann at the Hanford Site. 

One sample was taken from each major horizon observed in this excavation. A 

textural description of these samples is given in Table 5.1. These data were 

used to obtain approximate hydraulic conductivity functions for model 

calculations. 
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Gravelly Sand 

Medium Sand 

Gravelly Sand 
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Schematic of Soil Profile Identi fy ing 
Soil Types Using Available Data 

Figure 5.3 shows which of the six 241-A soil samples were used to approximate 

the properties of each layer. 

Table 5.2 presents the soil profile data used to generate Figure 5.3 

al ong with the travel times to the unconfined aqui7er through various com

binations of soils. The numbers under columns A to D re present the comb ina

t i ons of soi l t ypes sel ected t o represent each layer. By us ing predominantly 
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TABLE 5.1. Textura l Description of Soil Samples Collected 
from 241-AP Tank Fann Excavation 

Soil Sample Number and Type Description 

1 Sandy gravel 

2 Sand 

3 Sand 

4 Gravelly sand 

5 Silty sand 

6 Slightly silty sand 

Unco nsolidated, horizontally bedded, 
very coarse sand with very fin e to 
very coarse pebbles 

Well-consolidated, horizontally bedded, 
medium to coarse sand 

Horizontal beds of well-consolidated 
fine to medium sand, to coarse sand 

Very unconsolidated coarse sand with 
pebbles and small cobbles 

Very well-consolidated horizontally 
bedded, very fine sand and silt 

Fine to very fine sand loess 

coarse or fine media, one can establish bounds on the travel times associated 
with the uncertainty due to soil types. The data below 15 m were used to 

detennine the travel time from the level of the proposed grout monoliths to 

the water table. The distance from the bottom of the monoliths to the water 

table was 64 meters. The travel times listed at the bottom of columns A 

through Dare considered representative of the existing soil column. No major 

fine sand, silt, or clay layers were indicated above the water table in the 

stratigraphic cross sections beneath the 216-A-8 and 216-A-37 cribs in the 

200-East Area. However, to show the effect of a fine sand layer (such as 

occurs at the surface), a 3.05-m thick layer was included in columns E and F. 

The resultant travel time of column E should be compared to that of column D, 

and the travel time of column F should be compared to column A. These results 

indicate that for a 5.0 cm/yr steady-state recharge rate, minimum and maximum 

travel times are 99 and 143 years, respectively. These are the lower and 

upper bounds of the travel times for these soil data; other soil combinations 

will result in travel times that fall between these times. An infiltration 
rate of 0.5 cm/yr results in minimum and maximum travel times of 784 and 
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TABLE 5.2. So i 1 Profi 1 es to the Water Tab l e and 
Trave l Ti mes Th rough a 64-m Depth 

Depth from Thickness of Soil Ass ignments 
. Top to Bottom of Layer , m Laye r , m A B c 0 E F 

15. 25 to 16. 76 1. 51 3 2 3 2 2 ., 
J 

16. 76 t o 24. 38 7. 62 1 1 4 4 4 l 

24.38 to 36.58 12. 20 3 2 3 2 2 3 
36. 58 to 42 .67 6. 09 1 1 4 4 4 1 
42 . 67 t o 45. 72 3. 05 3 2 3 2 6(a) ~(a) 

0 

45. 72 t o 79. 25 (water tab l e ) 33. 53 1 1 4 4 4 1 
Trave l t ime in years 

for q = 5.0 cm/y r 99 118 12 4 143 149 109 
fo r q = 0.5 cm/y r 784 936 957 1110 1166 862 

(a) Substituted fine layer. 

1,1 10 years, respectively. For calculations in this report, 925 and 100 years 
were selected as the travel t imes to be used in the t ransport model fo r the 
0.5 and 5. 0 cm/ yr recharge rates, respec t ive ly. 

5.2.2 Contaminant Transport Through the Vadose Zone 

Contaminant transport through the vadose zone was modeled using the 
_ TRANSS so l ute transport code (Simmons, Ki nca i d and Rei senauer 1986 ) . Thi s 

code models one-dimensional, vert i cal transport of contaminants by an ana ly t
i ca l solution of the convection-d i spers i on equation, i nc luding f i rst-order 

rad i oactive decay and linear equilibrium sorption, and assuming a loca l -s cale 
dispersion coefficient. 

The remainder of this section describes the process for determin i ng t he 

quantity of each radionuclide that is sorbed within the layers of the vadose 

zone, and consequently, how long it takes sorbed radionuclides to travel 
t hroug h the vadose zone. 

The linea r equili brium sorpt i on coeffici ent (distributi on coeffici ent ) , 
Kd, for a gi ven rad i onuc lide is assumed to be constant in all soil layers and 
for any water chemistry and fl ow rate . Speci fi ca lly , th is impli es that wh en 
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several radionuclides are migrating simultaneously, the sorption of any one of • 
them is still governed by its individual Kd value (i.e., there is no competi-
ti ve sorption ). Because the Kd value for a specific radionuclide depends on 
the chemical species in which the radionuclide occurs, this implies that the 
radionu clide exists in only one form. 

Numerical values of Kd for each radionuclide, with the exception of 
strontium-90, were taken from a study related to single-shell tank contents 

(Delegard and Barney 1983). The composition of the liquid waste containing 

the radionuc li des included organic complexants, and so the Kd values ca l cu

lated from this study would be different than the Kd values for the radionu-

clides leaching from grout along with the primarily aqueous PSW constituents. 

Because the presence of or~anic complexants should act to reduce Kd values, it 
is conservative to use the values from the single-shell tank study. In addi
tion, the salt content of single-shell tank liquid is much higher than that in 

the grout leachate, and higher salt content often translates into a lower Kd. 
Because of the lack of specific data on sorption of non-radioactive hazardous 

chemicals, Kd values for all non-radioactive hazardous chemicals were assumed 
to be zero. 

The Kd value for strontium-90 was experimentally determined by leaching 

simulated_ PSW grout and running a batch Kd test with leachates that contained 
strontium-90. The values measured were approximately 91 and 31 (Serne et al. 

1986 ) . In this PA, a Kd of 31 was used. There is no effective difference 

between using a Kd of 31 or 91, because with eith~r Kd value, the strontium-90 
decays to an insignificant quantity while traveling in the vadose zone. 

Sorption tends to retard the movement of solution-phase chemicals in time 

relative to the travel time of water (tw). In the assumed theory, mean travel 
times for sorbed chemicals can be related to the water travel time, t , by w 

where t = travel time of the contaminant 
C 
R = retardation factor 

ob= bulk density of the porous material 
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pp= average particle density of the soil solids 
e = saturated water content (equal to the porosity) s 
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As stated above, th e Kd valu e for a given contaminant is assumed constant for 
a soi l l ayers; owever, because the bulk density and water content dif~er 

between l ayers, the retardat ion factor will be di ff eren t fo r eac h layer. 

Because using· a different retardation factor for each layer would complicate 

the calculations (and because there is disagreement on the proper water con

tent value to use in calculations of advective transpor t in unsaturated 

soils), a conservative constant value of R was used. In this case, the con

servative approximation is the one that results in the fastest movement of the 

contaminant through the vadose zone; namely, the approximation that results in 

the smallest value of R. According to the determination of R given in Equ a

tion (8), this smallest value of R is achieved if the largest value of water 

content is used, i.e., the saturated water content. 

The mean travel time of a radionuclide through one layer ( the ; th layer), 

t . , is given by t . = R.t . = [1 + pb Kd/0.] t . , according to Equation rn, rn, 1 Wl 1 Wl 

(8). Furthermore, the mean total travel time of a radionuc li de throug h the 

vadose zone, t , is given by rn 

t = rn 

n 
I 

i=l 

If, as argued above, we assume 

constant for all layers and we 

n 
t = R r rn i=l 

t 

R.t . = 
l Wl 

that 0. 
l 

have 

= Rt wi 

= 0 

= 
w 

( 9) 

for a 11 layers, R. becomes a s l 

(1 + pbK/0s ) t (10) 
w 

Here, t represents the conservative approximation of the mean total trave l rn 
time of the radionuclide. Because Kd has been assumed to be zero for non-

radioactive hazardous chemicals, Ri would equal one, and the mean total travel 

time for these chemicals would just be equal to tw. Note that the travel 

times as calculated are mean travel times, not actual ones. Several phenomena 
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(e.g., dispersion ) will create a range in actual travel times of contaminant 
molecules moving through the vadose zone, rather than a single constant trave l 
time for all molecules. 

Table 5.3 presents half- lives, Kd values, retardation factors , and vadose 
zone rad ·onuclide travel t imes for each signif i cant radionuclide and for t•,vo 

recharge scenarios. The cl imate of the site, soil characteristics, and 

vegetation affect the rate at which meteoric water perco lates deep enough i nto 

the vadose zone to become recharge t o the aquifer and carry c: ntaminants to 

the unconfined aquifer. To quantify the effect of the groundwater recharge 

rate on the performance of the grout disposal system, two average annua l 

recharge rates were analyzed. Values of 0.5 and 5.0 cm/yr were chosen to 

"b r idge" expected recharge _rates under drier and wetter conditions at the dis 

posal s ite. The l ower end of this range represents recharge rates cons idered 
to be typical of present-day dry climatic conditions (15 cm/yr precipitat ion) , 
while the upper end represents a hypothetical wetter climate (30 cm/yr 
precipitation) (Kirkham and Gee 1983). 

TABLE 5.3. Radionuclide Travel Times in the Vado se Zone for 
Recharge Rates of 0.5 and 5. 0 cm/yr 

Radionuc lide 
Distribution 

Retardation(a) 
Travel Time, yr 

Half-life, Coefficient 0.5 cm/y r 5.0 cm/y r 
Nuclide yr (K d) Factor ( R) Recharge Recharge 

Carbon-14 5.7 X 103 0 1 925 _oo 
Strontium-90 2.8 X 10 l 3l(b) 170 157,000 17 ,000 

Technet ium-99 2.1 X 105 0 1 925 100 

Iodine- 129 1. 6 X 107 a 1 925 100 

Uranium- 238 4.5 X 109 0 1 925 100 

Plutonium-239 2.4 X 104 21 (c) 115 106,000 11,500 

Americium-241 4.3 X 102 5.6(c) 31. 5 29,000 3,150 

(a ) Ass uming 0 : 0 33 and p = s · b 1.8 g/cm3. 
( b) Serne et a 1. (1 986). 
( C) Delegard and Barney (1 983). 
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5.3 MIGRATION TH ROUGH THE UNCON FINED AQUIFER 
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As with the vadose zone, water flow and contaminant transport through the 
unconfined aquifer were simulated by two models that are separate but linked. 
The detai l s and assumpt ions of each are discussed separa tely . 

5.3. 1 Wate r F.ow Thro ugh the Unco nf in ed Aquifer 

Water flow through the unconfined aquifer was modeled using the VTT 

groundwater flow code. Details of the theory, assumptions, and limitations of 
this code are given in the draft environmental impact statement (EIS ) for the 

disposal of Hanford defense waste (U .S. DOE 1986b), as we ll as in the code 
documentation report (Reisenauer 1979a,b,c). 

The code detennines ki_nematic pathl ines and streamtubes for two-dimen
sional, steady-state, vertically averaged water flow in an aquifer of variable 

thickness. The aquifer is also assumed to be isotropic (the hydraulic con
ductivity or transmis~ivity ~ta point does not depend on the direction of 

water flow at that point) and horizontally heterogeneous (with respect to 
saturated hydraulic conductivity or transmissivity). The water flow model in 

VTT is · based on the Boussinesq equation for incompressible fluid flow through 

a saturated, rigid porous media with a free-surface boundary condition. Ver

tical velocities, flow in the capillary fringe, and seepage between aquifers 

are assumed negligible. The numerical solution algorithm uses a finite dif
f erence approximation to the differential equation of flow, and solves the 

resulting set of algebraic equations with a Newton iteration technique. 

Figures 5.4 and 5.5 show groundwater contours and streamlines near the 
200 -Area waste sites, as calculated by VTT, using recharge rates of 0.5 and 
5.0 cm/yr, respectively (U.S. DOE 1986b). 

Obtaining Values for the Transmissivity Field 

The model assumes a spatially varying transmissivity field that is 
piecewise constant with transmissivity values constant over a finite region 
associated with each node. Numerical values representing the transmissiv i ty 

field, which are required as inputs to the model, were obtained by calibrating 
the model with data of water potential surface for the unconfined aquifer . 

These data were collected during periods of Hanford Site operations, and 
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FIGURE 5.4. Simulated Groundwater Contours (in meters above mean 
sea level) and Streamlines from the 200-Area Plateau, 
0.5 cm/yr Recharge Rate 
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therefore represent water table elevations that have been affected by various 
water infiltration and pumping act iviti es associated with Hanford operations. 
Knowledge of the spatial distribution of unconfined aquifer thickness was used 
to obtain values of vertically averaged, saturated hydrau li c conductivity from 
thes e ca li brated tran smissivity values. These result ing valu es of hyd rau lic 
conductivity were used in the VTT model for the simu l ations of the groundwater 

contours shown in Figures 5.4 and 5.5. In other words, each value of trans

missivity required as input to VTT was obtained as the product of a value 

of the aforementioned hydraulic conductivity field and the no t -yet-calcu lated 

thickness of the aquifer at that location. The simulations of the 0.5 and 

5.0 cm/yr recharge scenarios have shown that the water table elevations (and 

hence, the aquifer thicknesses) predicted to exist in these scenarios are not 
substantially different tha·n the measured elevations that were used for 
calibration. For this reason, it is assumed that only slight error may ex i st 

in predictions of future groundwater flow characteristics (i.e., when the 
water infiltration and pumping activities .associated with Hanford operations 

have ceased) when using properties obtai~ed b~ calibration with data taken 
during periods of Hanford activity. 

Calculating the Annual Dilution Volume 

Cont~minants entering the unconfined aquifer directly below the PSW 
grout disposal site are assumed to mix with the flowing groundwater. The 
concentration of contaminants flowing in the groundwater is a function of th e 

rate at which the groundwater flows beneath the disposal site. The greater 

the volume of water into which the released contaminants are mixed, the lower 

their concentrations in the groundwater. 

There are two hypothetical cases to be considered when calculating the 

ultimate dilution volume in the unconfined aquifer. In one case, the amount 

of dilution is calculated as the product of four parameters: 1) the stream

tube intercept width, 2) an assumed mixing depth, 3) the porosity of the 

aquifer, and 4) the groundwater velocity. These parameters are discussed in 
detail in the foll owing subsect ions. The resulting value i s used as the 

annual dilution volume in cases in which the downgradient user of groundwater 

is assumed to pump less water per year than this di lu tion volume. In this 
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instance, the we ll is only drawing part of the contaminated water that is 
pass ing by, and the conservative assumption is that al l of the water drawn i s 
contaminated at a concentrat i on governed by the dil ution volume in the aquifer . 

The second ca se occu rs when more water is used than th e aqui fer dilut ·on 
volume des cribed ab ove . In this case, the conservati ve assumpt ~o n is that th e 
we ll draws i n all of the contaminated water passing by. However, to supp ly 

the needs of the user, it must also draw in uncontaminated water as we ll . 

Th erefore, the concentrations of contaminants in the water used are further 
diluted by the extra uncontamina t ed water pumped. 

Streamtube Intercept Width. Figure 5.1 can be referred tcr again to 

il l ustrate the transport scenario for the unconfined aquifer that is used to 

calculate the volume of water into which a yearly release of a contaminan t 

mixes. The streamtube intercept is the dimension of the vertical proj ection 
of the grout site that is perpendicular to the water flow direction. Th e 

smaller the streamtube intercept width, the less dilution occurs. Hence, it 

is conservative to assume that the intercept is equal to the smallest plan 
dimens i on of the grout disposal site. The smallest plan dimension of the PSW 

grout disposal s ite, 50 m, is therefore used in the calculations. 

Mixing Depth. By the time a contaminant is drawn up into a well, it has 

mixed downward through a certain depth below the water table~ The VTT model 
is based on a vertically averaged set of equations, hence it does not calcu

late vert ical flow. It i s assumed that any wel l beyond the PSW grout disposa l 

site that may take up water will penetrate the unconfined aquifer with a 

screened casing extending from the water table to 5 m below it. If the true 

mixing dep th i s less than 5 m, uncontaminated water will s imultaneous ly be 

drawn into the well, and mixing will occur in the well in a manner such that 

the resu lti ng radionuclide concentration is the same as that calculated by 
assuming 5 m for the mixing depth. If the true mixing depth is greater than 
5 m, the radionuclide is already more dilute at the well than with a 5-m 

assumed mixing depth, and so this assumption is conservat ive. The present 
calculation cou ld be l ess than conservative if the actua l future wel l had a 

screen of l ess than 5 min length and if the true mixing depth were less than 
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5 m. However, the 5-m mixing depth was chosen because it is the minimum depth 
of penetration that would accommodate the submergence necessary for operation 
of pumps using current technology. 

Aquifer Porosity and Groundwater Velocity. The product of the streamtub e 
i ntercept and the mixing depth gives the cross-sectiona l area of the aquifer 
that is perpendicular to the direction of flow (50 m x 5 m = 250 m2). Multi

plying this by two factors--the annual distance of flow of water passing 

through this area (which is equal to the groundwater velocity when expressed 

on a per-year basis ) and the effective porosity of the soil in this area-
gives the annual dilution volume. The velocity of the water pa~sing under the 

site is assumed to be an average of the velocities across the streamtube, as 

calculated by the VTT code. This value is 182 or 230 m/yr for recharge rates 
of 0.5 or 5.0 cm/yr, respectively (U.S. DOE 1986b). To be consistent with 
past modeling, the effective porosity of the Hanford unconfined aquifer was 

assumed to be 0.1 (Bierschenck 1959). 

Annual Dilution Volume: The Resulting Values. Using the parameter 
3 . 

values described above, the annual dilution volume would be 4.6 x 10 cubic 

meters at the recharge rate of 0.5 cm/yr, and 5.8 x 103 cubic met ers at t he 

recharge rate of 5.0 cm/yr for the case where this volume is greater than that 

required each year by a downgradient user. 

However, the value for the annual dilution volume must be selected to be 

compatible with the 

ical exposure model 

eel of land with an 

groundwater exposure scenarios. At present, the radiolog-
2 assumes that the downgradient user farms a 20,000 m par-

irrigation rate of 150 l/m2-month during a 6-month-per-

year irrigation period (Napier, Peloquin and Strenge 1986). The groundwater

use exposure scenario requires an annual volume of 1.8 x 104 cubic meters per 

year, which is greater than both values calculated above. Hence, 

1.8 x 104 cubic meters was used as the annual dilution volume for the radio

logical exposure analysis presented in Chapter 6.0. 

5.3.2 Contaminant Transport Through the Unconfined Aquifer 

The VTT water flow model generates pathlines that can be used to repre
sent two-dimensional advective solute transport in the unconfined aquifer . 
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(For steady-state conditions, these pathlines are the same as the streaml i nes 

of water flow.) Contaminants are assumed to enter the unconfined aquifer 

through an area of the water tab l e that i5 the vert ical project i on of the PSW 

grout fi el d onto t he saturated f low field. The contaminants are subsequent ly 
tran sported by th e grou ndwa t er flowing between the path li nes th at en close the 
projected area. Figure 5. 6 illustrate s thi s scenario . A leached contaminant 

is assumed to remain entirely within the st reamtube bounded by these two path 

li nes, i.e., no transverse dispersion of radionucl i des i s assumed. The width 

of the streamtube is determined by t he dimension of th e vert i ca l pro j ec tion of 

the grou t f ie l d that is perpen di cu l ar to the fl ow direc tion. Lo ng itudinal 

dispers i on is assumed to occur solel y because of variations in · advective 

velocities and pathlengths associated with pathl i nes within the streamtube. 

W idth of Streamtube 
Encompassing 
Projected Area 

Water Table 

Stream li nes 
(Pathlines ) 

I 

FIGURE 5.6. Conceptua l Mode l for Contaminant Transport i n the 
Unconfined Aquifer Along Water Flow Pathl i nes 
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The TRANSS computer code, which was used to model contaminant transport 
to the vadose zone, was also used to model contaminant transport along the 
one-di mens i onal streamtube in the unconfined aquifer. Radioactive decay and 
sorpt ion are accounted for, and the same Kd values (o ne fo r each radionuclide ) 
that TRANSS used for the vadose zone model are used in the unco nfin ed aquifer. 
Th e associated assumptions are al so the same. 

5.4 NONRADIOLOGICAL RESULTS 

The long-term abi lity of the grout disposal system to contain nonradioac

ti ve regulated chemicals can be measured by direct comparison to concentration 

standards at two locations: 1) the hypothetical well located 5 km downgradi

ent from the grout monolit~s, and 2) the Columbia River. Chemical concentra
tions in the well and river, based on the projected inventories and the 
release and transport assumptions described above, are listed in Table 5.4. 

The values in Table 5.4 represent incremental increases, which should be added 
to the existing level of contamination from other sources to obtain the 

~~ absolute value of the actual contaminant concentration. 

As previously mentioned, although the Hanford groundwater does not con 

stitute a public water supply, drinking water limits are listed in Table 5.4 

for comparison. All calculated incremental concentrations are below the 
limits at both the well and the river. The Hanford Reach of the Columbia 

River i s governed by Class A water quality standards for the State of 

Washington (WAC 1984). These standards do not list specific limits for these 

inorganic chemicals, but they do include limits on biologica l waste, tu rb id 

ity, thermal waste (heat), and aesthetic qualities of the river. The incre

mental increases of chemicals postulated to occur in Columbia River water as a 

result of disposed PSW are very low, and will comply with all Class A water 

quality standards. 

Radionuclide concentrations must be translated to resulting doses before 

being compared to regulatory limits. Therefore the radionuclide concentra

tions are not listed here, but are used as input for the groundwater exposure 
scenarios described in Chapter 6.0. The resulting doses are provided · 

Chapter 6.0, Section 6.3. 

APP 9B-60 

• 

• 



00E/ RL 88-27 
Rev. 1, 01 / 17/ 90 

• 
TABLE 5.4 . Calculated Increase in Concentrations of Regulated Chemicals in 

a Hypothetical 5-km Well and in the Columbia River, mg/l 

In 5-km Well Water In Columbia River Water Washington 
~ecfiarge ~ate, cm7yr State Dr i nki~~ ) 

0.5 5.0 0. 5 5.0 Water Limit 

Primary ( ) 
Contaminants a 

Arsenic 2 X 10-2 1 X 10-2 7 X 10-10 7 X 10-10 0.05 

Bari um 6 X 10-4 4 X 10-3 3 X 10-11 2 X 10- 10 1.0 

Cadmium 3 X 10- 5 2 X 10- 4 1 X 10-12 1 X 10-11 0. 01 

Chromium 1 X 10- 3 1 X 10-2 4 X 10-11 6 X 10-10 0.05 

Fluoride 3 X 10-2 2 X 10-l 1 X 10-9 1 X 10-8 2.0 

Lead 4 X 10-3 3 X 10-2 2 X 10-10 2 X 10- 9 0.05 

Mercury 1 X 10-4 9 X 10-5 5 X 10-12 5 X 10-12 0.002 

Nitrogen 3 X 10-l 3 X 10-l 1 X 10-8 1 X 10-8 10.0 

Selenium 1 X 10-3 8 X 10-4 5 X 10-ll 5 X 10-12 0.01 

Silver 1 X 10-3 8 X 10-3 4 X 10-11 5 X 10-10 0.05 

Secondary (a) 
Contaminants 

Chloride 3 X 10-1 3 X 10-l 2 X 10-8 2 X 10-8 250 

Copper 8 X 10-4 7 X 10-3 4 X 10- 11 4 X 10-10 1.0 

Iron 3 X 10-4 3 X 10-3 1 X 10-11 2 X 10-10 0.3 

Manganese 3 X 10-4 2 X 10-3 1 X 10-11 1 X 10- lQ 0.05 

Sulfate 3 X 10 1 2 X 101 1 X 10-6 1 X 10-6 250 

Zinc 3 X 10-4 2 X 10-3 1 X 10-11 1 X 10-10 5.0 

(a) Per Washington State standards for public water supplies ( WAC 1985). 
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6.0 RADIOLOGICAL ASSESSMENT 

This chapter presents the long-term radiological impacts from the dis
posa l of groute d PSW. Radiation doses are calculated fo r membe rs of the 
general pub li c who receive exposure by either directl y contact i ng the groute d 
waste form or by be i ng exposed to radionuclides that have migrated from t he 

grout into the groundwater. Ca 1 cul ated doses represent i ncrementa 1 ; ncreases. 

Both natural and human-induced events that could lead to contact with the 

disposed radionuclides have been addressed. The dosimetry mode l s, oathway 

models, calculational method, and the resulting calculated impacts are 

presented below. 

6.1 POSTULATED EVENTS 

Table 6.1 lists events that past PAs have postulated to lead to 

significant releases of radionuclides from waste disposed near the ground's 

surface at Hanford. 

TABLE 6.1. Postulated Events Leading to Radiological Impacts (a) 

• Residential Home Garden • Glacial Flooding 

• Ori 11 ing • Other Surface Flooding 

- Resource Exploration - 100-Year Flood 

- Water wel 1 - Dam Failure 

• Post-drilling Habitation • Wind Erosion 

• Excavation • Magmatic Activity 

• Climate State • Seismic Activity 

- Present • Criticality 

- Drier • Terrorism 

- Wetter • Warfare 

• Irrigation 

- Ons ite 
- Offsite 

• Contaminated Water Supply 

(a) Source: U.S. DOE 1986(b). 
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Of these events, eight were judged to have suffi cient probabi l ity an d/ or 
consequen ce fo r grout di sposa l t o warran t further deta il ed ana lys i s: 

• contami nated water supply 
• ir rigation 
• changing climate 

• dri lli ng 
• excavation 
• residential garden 

• pos t -dr illi ng hab itat i on 

• post-excavation habitation. 

A suite of exposure scenarios was established based on assumptions 
specific to the analysis of l ong-term perf ormance of t he PSW grout sys t em. 

The radiological impacts associated with these scenarios are presented in 

Section 6.3 (Groundwater Impacts) and Section 6.4 (Intruder Impacts ) . Met hods 
for calculating radiation doses are presented in Section 6.2. 

6.2 CALCULATIONAL METHODS 

This section describes the dose model used, then discusses the met hods 
for ca l cu l at i ng groundwater doses and doses to intruders. 

6.2.1 Dosimetry 

The dose model used in this report is derived from t hat ori gi na lly 

endorsed by the International Co111T1ission on . Radiological Protection ( ICRP 

1959 ) i n Pub li cat i on 2 for body burden and maximum permiss i ble concen tration . 

Effect i ve decay energies for radionuclides are calcu l ated using the ICRP 
model. This model is based on the assumption that the entire quantity of a 
given radionuclide is located at the center of a spherical organ with an 

appropri ate effective radius (Soldat 1976). Metabolic parameters for the 

standard man are used (ICRP 1975); some of the parameters are updated from 
later ICRP publications. 

Severa l radionucl i des are handled as special cases. For th e radion u

clides t r iti um and carbon- 14 , the accumulated dose for the organs, total body, 
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and bone are calculated as described above. Because these radionuc l ides 
distribute evenly in the rest of the body, the doses for all the other organs 
are set equal to that for total body. 

Th e mode l for t he gastrointest i nal (GI ) tract is as fol l ows. The GI 
t rac t --s tomach, sma ll intestine ( SI) , upper l arge intest i ne (U LI ) , an d ,ower 
l arge intest i ne (LL I) --is mode l ed as a four-compartment system with a pl ug 

flow. Because no long-term storage or retention of radionuclides occurs in 

the GI tract, the dose to the GI tract in any one year is equal to the dose 
commitment for that year. The portions of the GI tract are assumed to be 

irradiated by radionuclides that are uniformly distributed in the mater i al 

passing through each compartment. 

The internal distribution of radionuclides following inhalation adds a 
degree of complexity because of radionuclide retention in the lungs. The 

model of the respiratory tract adopted by the ICRP Task Group on Lung Dynam i cs 

(ICRP 1966) forms the general basis for the mathematical models developed to 
calculate the dose from inhalation of radionuclides. 

A new dosimetry model has recently been developed and recommended by the 
ICRP in ICRP-26 ( ICRP 1977) and applied in ICRP-30 (ICRP 1979 ) . The new model 

is based on more recent human metabolic parameters and applies a more rea l 
istic approach for uptake and retention of radionoclides in body organs. For 

example, the contribution to organ dose resulting from decay of radionuclides 
in other organs ("crossfire") is now accounted for. Rather than report t he 

individual organ doses, the concept of an "effective whole-body dose" ( the sum 

of the product of each organ dose multiplied by its appropriate weighting 

factor ) is used. The effective whole-body dose is then used for comparison to 

a stochastic dose limit. Stochastic in this context means that impact is 

proportional to dose; i.e., no threshold is assumed. The stochastic effective 

dose equivalent limit recommended for an individual in the general public, 

according to ICRP-26, is 500 mrem/yr. In addition, ICRP-26 states that when 

prolonged exposures are expected, the annual dose limi should be 100 mrem/ yr. 

As mentioned, the dosimetry used in this report is based on the ICRP-2 

model. An environmental assessment code using the more recent ICRP 26 / 30 
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dosimetry model is being developed at PNL but is not yet avai l able for use . 
However, to detennine whether the calculated doses in our PA would have varied 
great ly i f t he ICRP-26 / 30 dose model were used, the dose results ca l culated 
for th e drinking wat er scenar i o (Sect ion 6.3. 1) were compared us i ng ICRP- 2 and 
ICRP- 26 / 30 met hod s. The ICRP 26/ 30 doses were es timat ed us i ng ha nd 
ca l cu lat i ons for thi s comparison. 

As shown in Table 6.2, the radiological impacts from the drinking water 

scenario calculated using ICRP-2 methods result in doses of 0. 02 mrem/ yr to 

the total body and 0.3 mrem/ yr to the critical organ (bone ) . Us i ng th e newe r 

ICRP 26 and 30 methodology, the calculated effective dose equivalent i s 

0.09 mrem/yr. Hence, the ICRP-26/30 dose is approximately three t imes be l ow 

that of the ICRP-2 critical organ dose. 

TABLE 6.2. Comparison of Radiation Dose for the Drinking Water 
Scenario Using ICRP-2 and ICRP-26/30 Methods, mrem/yr 

ICRP-26/30 
ICRP-2 Effective Do-se 

Radionuclide Total Boay Bone Equivalent 

14c 5.6 X 10-3 2.7 X 10-2 2.0 X 
-? 10 -

23au 1. 4 X 10-2 2.3 X 10-1 7.0 X 10-2 

99Tc 8.0 X 10-5 2.1 X 10-4 2.0 X 10-3 
129! 2.0 X 10-7 7.3 X 10-8 6.2 X 10-6 

2.0 X 10-2 3.0 X 10-1 9. 0 X 10 -2 

6.2.2 Method for Calculating Groundwater Doses 

The computer program DITTY (Napier, Peloquin and Strenge 1986) estimates 

the time integral of collective dose over a period up to 10,000 years for 
time-variant radionuclide releases to surface waters, wells, or the atmos

phere. The computer program was initfally developed to detennine the col
lective dose from high-level waste geologic repositories resulting from 
g~oundwater pathways, but other pathways are included as well. The relation

ship of DITTY to t he hydrogeologic models described in Chapter 5. 0 i s shown i n 

Figure 6. 1. 
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FIGURE 6.1. Use of Computer Models to Calculate 10,000-year Integrated 
Population Doses from Contaminant Release to Groundwater 

Source tenns for DITTY may be defined for releases to the atmosphere, to 
groundwater, to water wells, and to surface water via groundwater. The actual 

.. 

release rates are specified in an input file as the curies per year released 
for se lected years following the start ti me of the ca l cu l ation. 

The DITTY code calculates a dose for any 10, 000-year per i od. Th is per iod 

is brokeD into 143 periods of 70 years each. The average release during each 

period is calculated from the source-tenn data provided. The total-population 
dose to selected organs is determined for the populat i on present in eac h 

period. The radioactivity present during any period is the sum of material 

uni fonnly released over that period and residual material in t he environmen t 

from re l eases in previous periods. The dose is calculated for al l contribut

ing pathways of exposure, including external exposure, inhalation, and inges

tion of contaminated water and foods. 

6.2.3 Method for Calculating Intruder Doses 

The ONSITE/MAXI computer program (Napier et al. 1984) is used to 

calculate a max i~um annual dose to an individual from residua l surface 
contamination. Exposure pathways that can be modeled inc l ude direct external 

APP 9B-66 

• 

• 



• 

• 

0O E/ Rl 88 - 27 
Rev. 1, 01 / 17/ 90 

exposure to contaminated soi l or building surfaces, inhalation of resuspended 
mater·a1, and ·ngestion of contaminated foods and aquatic products. The 
ONSITE/ MAXI code calculates the time of the maximum dose rate to speci fic 
organs of referenc e and gives an annual dose for that organ. Special opt ions 
are av ai l ab l e to tailor the program to s imul ate a variety of dec ommissioned 
facilities such as rea ctors, low- l eve l waste buria l grounds, or other 
facilities for handling nuclear material. 

As described in Section 6.4 of this document, the onsite scenar ios are 

postulated to occur at a futu re date following the hypothet ical l oss of active 

institutional control of the Hanford Site. While warning markers, l and-use 

records, and protective overburdens over the grout vaults shou ld render intru

sion events less likely, it is impossible to accurate ly predict human behav
ior over the long term; a aetermined individual can ignore, circumvent, or 

~ destroy any potential barrier. Thus, an individual could potentially receive 

a wide range of exposures depending on the magnitude of disruption of a site. 
Consequently, a suite of scenarios has been used that spans the range from 

negligible to significant site disruption. 

The scenarios evaluated in this performance assessment i nc lude dri lli ng, 
excavation, and residential gardening activities that hypothetically occur 

directly over the PSW grout disposal site. Drillers or diggers are assumed t o 
penetrate areas of the highest radioactivity. The probability, or relative 

unlikel i hood, of a scenario occurring is not factored into the calculations; 

the intrusions are assumed to occur and the results are presented. 

For the scenarios involving farming, roots from all types of plants, 

including fo od crops, are assumed to penetrate to a depth of at l east 5 m with 

a small percentage contacting the grouted wastes. Because the intrusion 
events are localized, the individuals receiving maximum doses are the intru
ders themselves. While the scenarios chosen for analysis represent a range of 
potential conditions, the parameters used for each scenario are selected to 
ensure conservatism . 
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As described in Chapters 4.0 and 5. 0, once the radionuc li de con t ami nants • 
are re l eased from th e grout vau l t, they migra t e downward throug h the vadose 
zon e. From th e vadose zone they mix with the unconfin ed aquifer below the 
grout di sposal s i t e . Once i n the aquifer , th e radionu cli des are transported 
away from the gro ut disposa l site and may eventua lly reach th e Columbia Ri ver , 

depending on their specific half-lives and adsorption character i stics. 

Simi l ar to the calcu l at i on of concentrat i ons of regul ated ch emic als 
presented i n Chapter 5. 0, i ncrementa l concentrat i ons of rad ionuc li des in t he 

unconfined aqui f er and i n the Co l umbia Ri ver were calcu l ated as i nput fo r the 

dose assessment code for the groundwater exposure pathway. The ti me-depen den t 
concentrat ions of key radionucl ides in groundwater are shown i n Figures 6. 2 

and 6.3 for recharge rates of 0.5 and 5.0 cm/yr, respectively. 

To calculate radiological impacts, one must postu l ate locations at wh i ch 
humans could contact the contaminated groundwater. As mentioned, one assumed 

location is a hypothetical domestic well locateq between the PSW grou~ 
disposal site and the Columbia River. The location of this well was chosen so 

as to draw water from the maximally contaminated portion of the aquifer. The 

radiological impacts calculated for using water from this wel l are almos t 

independent of distance from the PSW grout disposal site because conserva

tive assumptions were made concerning the ability of contaminants to disperse 

i n the aqui fer. Hence a well l ocated io km downgrad ient from the PSW grout 
disposal s i te is modeled as having essent i ally the same radionuc li de concen

trations as would a wel l l ocated 100 m downgradient. Because t he well sce

nari os descr i bed in the following sections are assumed to occur immed iat ely 

after the loss of active institutional control, the well could conceivably be 

located anywhere from O km to 10 km from the disposal s i te. However, t he most 

l i kely location for people to resettle many years into the future wou l d be 

some distance from the 200-Area Plateau. Therefore, the well is assumed to be 

5 km from the PSW grout disposal site. 

Because contami nants may eventua lly reach t he Co lumbia Ri ver, radiolog 

ical impacts were al so assessed downriver f rom the Hanford Si t e . 
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FIGURE 6.2. Concentrations of Key Radionuclides in Groundwater 
at 5-km Well, 0.5 cm/yr Recharge Rate 
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FIGURE 6.3. Concentrat i ons of Key Radionucl ides i n Groundwa ter 
at 5-km Well, 5.0 cm/yr Recharge Rate 
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6.3.1 Drinking Well Water 
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A measure of the level of contamination of groundwater is the radiation 
dose caused by drinking the water. Annual and lifetime doses t o an individua l 
dr i nking wat er f rom the hypothe tical 5- km wel l are given in Ta bl es 6. 3 and 
6.4. The maximally exposed hypo thet i ca l individua l ev al uated was a person who 
consumes 2 liters of water per day, as defined by the Nuc l ear Regu latory 

Commission (U.S. NRC 1977). Total-body and critical-organ doses are presented 
in these two tables as a function of recharge rate. The time at which the 

maximum doses are projected to occur is shown to be dependent on the assumed 

recharge rate. The maximum doses occur 600 years and 1600 years following 

disposal for the 5.0 and the 0.5 cm/yr recharge rates, respectively. The 

doses presented are the maximum doses expected to occur within a 10,000-year 
period. The dominant radionuclides in this scenario are uranium-238 (which 

contributes 89% of the dose) and carbon-14. 

Because leach rate data specific to uranium is unavailable, the release 
rate of uranium from within the grout monolith to the surrounding soils was 

modeled as being congruent with the diffusional release rates of mobi1e ions 
such as nitrite and sodium. This assumption may overestimate the release ra t e 
for uranium, because it may be solubi l ity-controlled and slower than dif

fusional relea e. Additional laboratory studies are being conducted to 

quantitatively measure the leach rate of uranium-238 from PSW grout. Because 

uranium-238 controls the dose rate under the current set of assumptions, a 
reduction in release rate could significantly reduce the projected doses for 

this scenario. 

6.3.2 Fu ll -Garden Scenario 

Contaminated well water could be used for irrigation and livestock water, 

as wel l as for human drinking water. A full-garden scenario was postulated 

wherein an individual grows a large percentage of his food using the well for 

irrigation, as might occur on a small, 2-ha (5-acre) family farm. In addition 

to drinking contaminated water, the individual is exposed to radionuclides 

deposited on the soil via irrigation water and also t o radioactivity accumu

lated in crops and animal products. Dietary parameters for this scenario are 
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TABLE 6.3. Calculated Maximum Radiation Doses to Individuals from the Drinking Water Scenario, 
mrem (Annual Doses) 

0.5 cm/ r Rechar e Rate (maximum ex 05ure 1600 ears after dis osal) 
ercent ercent ercent ercent ercent 

Contri - Contrl - Contrl- Contrl -
CI - LLl(a ) 

Contrf-
Rad I onucl I de Total Bod:r: bution Bone button Lun9 button Thyroid button bution 

Carbon-14 5.6 X 10-3 28 2.7 x 10- 2 10 5.6 X 10- 3 99 5.6 X 1 o- 3 97 5.6 X 10- 3 16 
Urantum-238+0 · 1.4 )( 10-2 71 2.3 X 10- 1 89 0 0 0 0 1.9 X 10- 2 53 
Technetium-99 8.0 X 10- 5 <1 2.1 X 10-, <1 2.6 X 10-5 <1 0 0 1. 1 X 10- 2 31 
lodlne-129 2 .o x 10-1 <1 7.3 X 10-B <1 0 0 1.6 X 

10-4 3 1. 1 X 10-8 <1 

TOTAL 2 X 10- 2 3 X 10-l 6 X 10-3 6 X 
10-3 4 X 10- 2 

5.0 cm/ r Rechar e Rate (maximum ex 05ure 600 ears after dis osal) 
ercent ercent ercent ercent ercent 

Contri- Contrl- Contrl- Contrf-
CI - LLI (a) 

Contrf-
Radionuclide Total Bod:r: bution Bone butt on Lun9 bution Thyroid button butl~n 

Carbon-14 4.7 X 10- 3 30 2.3 X 10- 2 11 4.7 X 10- 3 100 4.7 X 1 o- 3 97 4.7 X 10- 3 17 

Uranlum-238+0 1. 1 X 10- 2 70 1.8 X 10- 1 89 0 0 0 0 1. 5 X 
10-2 so 

Technetlum-99 6 . 3 X 10-S <1 1.6 X 10-4 <1 2.0 X 10- 5 <1 0 0 8 . 6 X 10-3 30 

lodine-129 1.6 X 10- 1 <1 5.8 X 10-8 <1 0 0 1.3 X 1 o- 4 3 8.8 X 
10-9 <1 

TOTAL 2 )( 10- 2 2 )( 10- 1 5 X 10- 3 5 )( 10- 3 3 X 10- 2 ;o 
(D 

< 

0 
(a) CI-LLI = gastrointestinal tract - lower 1 arge intestine. ,-... a - rn ....... _ 

o ;o ...... , 
--....... 
........ co 
----J CO 

--....._ I 

\.0 ' " 0 ----J 



Radionuclide 

Carbon-lit 

Uranfum-238+0 · 

Technetium-99 

lodlne-129 

TOTAL 

)> 
-0 
-0 

'° OJ 
I 

-..J 
N 

Radionuclide 

Carbon-tit 

Uranlum-238+0 

Technetium-99 

lodfne-129 

TOTAL 

(a) GI - LLI 

i' ; 0 

TABLE 6.4. Calculated Maximum Doses to Individuals from the Drinking Water Scenario, 
mrem (Lifetime Doses) 

0.5 cm/ r Rechar e Rate (maximum ex osure 1600 ears after dis osal) 
ercent ercent ercent ercent 

Contrl- Contri- Contrl - Contrl -
GI-LLl(a) Total Bod:r: but ion Bone button Lun9 but Ion Th;trold button 

3.9 X 10-1 28 1.9 X 100 11 3,9 X 10-1 100 3,9 X 10- 1 97 3,9 X 10-1 

9.7 x 10- 1 71 1.6 X 101 89 0 0 0 0 1.3 X 10° 

5,6 X 10- 3 <1 1.5x 10-2 <1 1.8x 10-3 <1 0 0 7,6 X 10-1 

1.4 X 
10-5 <t 5. 1 X 10-6 <1 0 0 1. 1 X 10- 2 3 7.8 X 10-1 

X lOO 2 X 101 4 X 10-l 4 X 10- 1 2 X lOO 

5.0 cm/ r (maximum ex osure 600 ears after dis osal) 
ercent ercent ercent ercent 

Contri- Contd- Contrl- Contri-
GI-LLl(a) Total Bod:r: button Bone button Lun9 bution Th:r:roid button 

3.3 X 10-l 30 1.6 X 100 11 3.3 X 10-t 100 3.3 X 10- 1 97 3.3 X 
10-1 

7,7 X t 0- 1 70 1.3 X 101 89 0 0 0 0 J.Q X 100 

4,lt X 10-3 <1 1. 1 X 10-2 <1 1.4 X 
10-3 <1 0 0 6.Q X 10-1 

1.1 X 10-5 <1 lt.0 X 10-6 <1 0 0 8.8 X 10-3 3 6. 1 X 10- 7 

1 X 100 2 X 101 3 X 10-t · 3 X 10-1 2 X 100 

gastrointestinal trac t - lower large intestine. 

ercent 
Contrl-
button 

16 

53 

31 

<1 

ercen 
Contrf-
butlon 

17 

so 
30 

<1 

;;o 
ro 
< 

0 
....... o - ,,, 

--..... 
0 ;:o ....... , 
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presented in Napier, Peloquin and Strenge (1986). In addition, other parame
ters were required to estimate the dose to this individual. Fo r example , it 
was assumed that th e individual spends 50% of his time exposed to contaminated 
soil. It was also assumed that irrigation occurs for 6 months of the year at 

? 
a rate of i 50 L/ m- / month. Soi l - to -p lant concentration rat i os and mea t concen-
tration rat io s are f rom Nap ier, Peloquin and Strenge ( _986) . 

Radiation doses to individuals for this scenario were est imated for the 

same well-water concentrations as shown in Figures 6. 2 and 6.3. Tables 6.5 

and 6.6 show the ca l culated annua l and lifeti me doses, respect ively . As with 

the drinking water scenario, the radionuclide that makes the maj or dose 

contribution (75 %) i s uranium-238. 

6.3.3 Rad ionuc lide Migrati-0n to the Columbia River 

Radionuclides and other contaminants that are leached into the ground

water could eventually reach the Columbia River. The rate at which radionu

clides enter the river depends on five factors: 1) the rate at which they 
enter the groundwater, 2) their radioactive decay, 3) their adsorption- char
acteristics, 4) the linear flow rate of the aquifer, and 5) distance to the 

river. The highly mobile radionuclides (e.g., iodine-129 and technetium-99 ) 

could reach the Columbia River within a few hundred years after the initiat i on 

of waste leaching. The less mobile radionuclides, e.g., cesium-137 and 
strontium-90, were shown to decay before ever reaching the water table. The 

rate of radionuclide release to the river is shown in Figures 6.4 and 6.5, at 

recharge rates of 0.5 and 5.0 cm/y r, respectively. It is assumed that the 
fl ow rate of the river past Hanford is 120,000 cubic feet per second (U.S . DOE 

1986b ) . 

The Columbia River is currently used for drinking, irrigation, and 

recreation by many people living downstream of Hanford. These uses are 

assumed to increase in the future. Currently, only a small fraction of the 
river's flow below Hanford is used for irrigation and drinking. (Water for 

the large irrigation projects in the area is primari ly obtained from the 

Columbi a River upstream of Hanford.) Within 80 km of Hanford, 2,000 people 

are currently estimated to eat food grown using irrigation water from the 

• Columbia River, 70,000 people drink water from the river, and about 
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TABLE 6.5. Calculated Maximum Radiation Doses to Individuals from the Full-Garden Scenario, 
mrem (Annual Doses) 

0.5 cm/ r Rechar e Rate (maximum ex 
ercent ercent 

Contri- Contrl -
Radionuclide Total Bod;r: bution Bone button 

Carbon-14 1.1 x 10- 2 22 5.5 x 10-2 16 

Uran! um-238+0 3.9 x 10-2 17 2.9 x 10- 1 84 

Technetium-99 3.3 x 10-4 8.6 x 10·1t <1 

lodlne-129 6.9 x 10- 1 <t 4.0 X 
10-7 <1 

TOTAL 5 X 10- 2 3 x 10- 1 

5.0 cm/ r (maximum ex 
ercent ercen 

Contri- Contrl-
Radionuclide Total Bod;r: bution Bone bution 

Carbon-14 1.3 X 
10-2 25 6.2 x 10-2 18 

Uranium-236+0 3.8 x 10- 2 75 2.9 x 10-1 82 

Technetium- 99 3.3 x 10-4 <1 8. 7 x 10-4 <1 

lodine-129 6.9 x 10-7 <1 4.0 x 10·7 <t 

TOTAL 5 )( 10- 2 4 X 10- 1 

(a) GI-LLI ;: gastrointestinal trac t - lower large Intestine. 

osure 1600 ears after 
ercent 

Contrt-
Lun9 button 

1. 1 )( 10-2 30 

2.6 x 10- 2 69 

1.1 )( 10-4 <1 

2.lt x 10-7 <t 

" )( 10-2 

osure 600 ears after 
ercent 

Contri -
Lun9 button 

1,3 x 10· 2 33 

2.5 x 10- 2 66 

1. 1 X 10-4 <t 

2,4 X 10-7 <t 

4 )( 10- 2 

Th;r:ro Id 

1.1 x 10- 2 

2.3 x 10- 2 

2.9 X 1o-14 

3.5 x 1 o- 4 

3 X 10- 2 

dis osal) 

lh:troid 

1.3 X 10- 2 

2. 2 x 10-2 

3.0 x 10-14 

3.5 x 1 o- 4 

4 X 
10-2 

ercent 
Contrl-
button 

33 

66 

<1 

ercent 
Contri
bution 

36 

63 
<1 

GI- LLl(a) 

1.1 x 10- 2 

4.5 x 10- 2 

4. 5 X 10-2 

2.6 x 10- 1 

x 10- 1 

GI- LLl(a) 

1.3 X 10-2 

4.4 X 10- 2 

4.5 X 10-2 

2.6 x 10- 1 

1 X 10- 1 

ercent 
Contrt-
butlon 

11 

44 

45 
<t 

ercent 
Contri-
but ion 

12 

43 

45 

<1 
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TABLE 6.6. Calculated Maxin1um Radiation Doses to Individuals from the Full-Garden Scenario, 
mrem (Lifetime Doses)· 

0.5 cm/ (maximum ex osure 1600 ears after 
ercent ercent ercent ercent 

Contrf- Cont rt- Contrf- Contrf -
f.1-LI.I (a) Radionuclide Total Bod:t: bution Bone bution Lun9 bution Th:i:rold button 

Carbon-14 7.9 X 
10-1 22 3.9 x 100 16 7.9 X 10-1 30 7.9 x 10-1 33 7. 9 x 10- 1 

Uranium-238+0 2. 7 X 100 77 2.0 x 101 84 1.8 X 100 69 1.6 X 100 66 3.1 X 10° 

Technetium-99 2.3 X 10-2 6.0 x 10-2 <1 7.4 X 10-3 <1 2.1 x 10-12 <1 3. 1 X lOO 

lodine-129 4.8 X 10-5 <1 2.8 x 10-5 <1 1. 7 X 
10-5 <1 2.5 X 10-2 1.8 X 10-5 

TOTAL 4 X lOO 2 )( 101 3 X lOO 2 X 10° 7 )( 100 

5.0 cm/ r Rechar e Rate (maximum ex osure 600 ears after dis osa I) 
ercent ercent ercent ercent 

Contri- Contri- Contrf- Contri-
CI-LLl(a) Radionuclide Total Bod:t: but Ion Bone bution Lun9 but ion Th:i:rold bution 

Carbon-14 8.9 X 10-1 25 4.4 X 100 18 8.9 x 10-1 33 8.9 X 
10- 1 36 8.9 X 

10- 1 

Urani um-238+0 2.7 X 100 75 2.0 X 101 82 1.8 X 100 66 1. 6 X 10° 63 3. 1 X 100 

Technetlum-99 2.3 X 
10-2 <1 6. 1 X 

10-2 <1 7.5 X 
10-4 <1 2. 1 X 

10-12 <1 3.2 X 10° 

lodlne-129 4.8 X 
10-5 <1 2.8 X 

10-5 <1 1. 7 X 
10-7 <1 2.5 X 10- 2 1. 8 X 

10-5 

TOTAL 4 X 10° 2 X 101 3 )( 100 2 X 1 o0 7 )( 100 

(a) GI-LLI gastrointestinal tract - lower large Intestine. 

ercent 
Cont rt-
bution 

11 

44 

45 

<1 

ercent 
Contri-
bution 

12 

43 

36 

<1 
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FIGURE 6.4. 10,000-year Release to Columbia River, 
0.5 cm/year Recharge Rate 
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FIGURE 6.5. 10,000-year Release to Columbia River, 
5.0 cm/year Recharge Rate 
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125,000 people swim or boat in the river (McCormack, Ramsdell and Napier 
1984). It is assumed that a maximum of 5 million affected in dividua l s will 
live at any point in time downstream al ong the Columbi a River between Hanford 
and the river's mouth during the next 10 ,000 years. For thi s many people to 
be affected, a very la rge increase in the amou nt of irr ·gated l and in both 
Washington and Oregon would be required, concurrent wit h a l arge increase in 

overall population. Thus, about 410 million people are assumed to live along 

the Columbia River over the 10,000-year period. The total dose that a group 

this size would receive from natural ly occurring backg round sources is near ly 

3 billion person-rem. 

People who live al ong the Co lumbia River downstream of Ha nford could be 

subject to doses r~3 ulting from the release of radionuc lides from the grout. 
The gradual release of contaminants to the river would cause a slow increa se 
i n dose rate to a peak, followed by a gradual decline. There could be more 

than one peak, separated in time from the others, caused by the different 

mobilities of the radionuilides released from grout. The total dose to all 
people living over the next 10,000 years depends mostly on the total activity 

of each radionucl i de (curi es ) released, but the rate of release controls the 

dose rate to any one individual. 

Tables 6.7 and 6.8 show the doses that people living downriver of the 

Hanford Site would receive from PSW grout. Ten-thousand-year population 
doses are given in Table 6.9. As in the previous scenarios, the dominant 

radionuclide is uranium-238. 

6.4 INTRUDER IMPACTS 

In accordance with NRC guidelines (U.S. NRC 1981), active institutional 

controls cannot be relied upon for environmental protection for more than 
100 years after disposal. After that time, passive institutional controls, 
such as markers, monuments, and public records, are the only mechanisms to 
inhibit intrusion into the waste. For this PA, intrusion events were ana lyz ed 

at 100 years when active institutional control is assumed to cease at the 
Hanford Site. In addition, intru sion was also postulated at 400, 1,000, and 
10,000 years after disposal. Radiological impacts were estimated at these 
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Radionuclide 

Carbon-14 

Uranium-238+0 

Technetlum-99 

lodine-129 

TOTAL 
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Radionuclide 

Carbon-lit 

Uranium-238-tD 

Technetium-99 

lodine-129 

Amerlcium-241 

TOTAL 
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TABLE 6.7. Calculated Potential Maximum Radiation Doses to Individuals from 
Radionuclide ·Migration to the Columbia River, mrem (Annual Dose s ) 

0.5 cm/ r osure 3000 ears after 
ercent ercent ercent 

Contrl - Contrt- Contrl -
G 1-LLI (a) Total Bodt button Bone Lun9 button lhtrold bution 

,. • 1 X 10-10 9 2.0 >< 10-9 7 ,. • 1 X 10-10 12 4. 1 X 10-lO 14 4.1 X 10-10 

4.0 X 
10-9 90 2.6 X 10-8 93 3.0 X 10-9 88 2.6 X 10-9 85 4 .5 >< 10-9 

3.4 >< 
10-11 1 8.9 >< 10-11 <1 1 • 1 X 10-11 q ' 2.8 X 10-16 <1 4.6 X 10-9 

8.0 X 10-14 <1 4.7 >< 10-llt <1 2.8 X 10-14 <1 4.1 X 10-ll 3.1 X 10-14 

4 J( 10-9 3 X 10-B 3 X 10-9 3 X 10- 9 1 X 
10-8 

5.0 cm/ r Rechar e Rate (maximum ex osure 2000 ears after 
ercent ercent ercent ercent 

Contrl- Contri- Contrl- Contrl-
GI - LLI (a) Total Bodt but i on Bone button Lun9 button Thtrold button 

4. 1 X 10-10 9 2.0 X 
10-9 7 4. 1 >< 10-10 12 4.1 X 10-lQ 14 4.1 X 10-lQ 

4.0 X 10-9 90 2.6 X 10-8 93 3.0 X 
10-9 88 2.6 X 10-9 85 4.5 X 10-9 

3.4 X 
10-11 8.9 11 

10-11 <1 1. 1 X 10-11 <1 2.8 X 
10-16 <1 4.6 X 

10-9 

8.0 X 10-14 <1 4.7 X 10-14 <1 2.8 >< 
10-14 <1 4. 1 X 

10- 11 3. 1 X 10-14 

2.6 >< 
10-14 <1 7.7 X 10-14 <1 4.3 X 10-14 <1 2.4 X 10-14 <1 2. 6 X 

10-14 

4 J( 10-9 3 X 10-8 3 J( 10-9 3 X 
10-9 X 

10-8 

gastrointestinal tract - lower large intestine. 
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TABLE 6.8. Calculated Potential Maximum Radiation Doses to Individuals from 

Radionuclide Migration to the Columbia River, mrem (Lifetime noses) 

0.5 cm/y_r Recharge Rate (maximum exposure 3000 y_ears after disposal) 
Percent Percent Percent Percent Percent 
Contrl- Contrl- Contri - Contrl -

GI-LLI (a) 
Contrl-

Radionuclide Total Body_ button Bone button Lung button Thy_rotd button button 

Carbon-14 2.9 X 10-8 9 1.4 X 10-1 7 2.9 X 10-8 12 2 .9 x 10-8 14 2. 9 x 10-8 4 

Uranium- 238+0 2.8 X 10-7 90 1.8 X 10-6 93 2.1 X 10-7 88 1. 8 x 10- 1 85 3. 2 x 10- 1 47 

Technettum- 99 2.4 X 10-9 6.2 x 10-9 <1 7.6 X 10-10 <1 2.0 X 10-14 <1 3.2 X 10- 1 49 

lodtne-129 5.6 X 10-12 <1 3.3 x 10-12 <t 1.9 X 10-12 <1 2.9 X 10-9 1 2. 1 X 10- 12 <1 

TOTAL 3 X 10- 7 2 X 10-6 2 X 10-7 2 X 10- 7 7 X 10- 7 

)> 
"'O 
"'O 

\0 
CX) 

I 
........ 
\0 5.0 cm/ r Rechar e Rate (maximum ex o6ure 2000 ears after 

ercent ercent ercent ercent ercent 
Contri- Contri- Contri- Contri-

GI-LU (a) 
Cont rt-

Radionuclide Total Body_: bution Bone button Lung button Thy_ro id bution butt on 

Carbon- 14 2.9 X 10-8 9 1. 4 X 10-1 7 2.9 X 10-8 12 2.9 X 1 o- 8 14 2. 9 x 10- 8 4 

Urantum- 238•0 2.8 X 10-1 90 1.8 X 10-6 93 2.1 X 10- 7 88 1.8 X 10- 7 85 3. 2 X 1 o- 7 47 

Technetlum- 99 2.4 X 10-9 1 6.2 x 10-9 <1 7 . 6 X 10-10 <1 2.0 X 1 o- 14 <1 3.2 X 10- 1 49 

lodine-129 5.6 X 10-12 0 3.3 X 10-12 <1 1.9 X 1 o-12 <1 2.9 X 10- 9 2. 1 X 10- 12 <1 

Americium- 241 1.8 X 
10-12 <1 5.4 X 10-12 <t 3.0 X 10-12 <1 1. 7 X 10- 12 <1 1. 8 X 1 o- 12 <t :;o 

ct> 
< 

TOTAL 3 X 10-1 2 X 10-6 2 X 10-1 2 X 10- 1 7 X 10- 7 0 
-o - fT1 

(a) GI - I. LI gastrointestinal lower large Inte s tine. 
-----... 
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TABLE 6.9. 10,000-year Cumulative Population(R~ses from Radionuclide Migration 
to the Columbia River, person-rem 

0.5 cm/ r Rechar 
ercent ercent ercent ercent 

Contri - Contrl - Cont rt- Cont rt -
GI- LI.I (b) Radionucl ide Total Bodi'. but Ion Bone but ion Lun9 butlon Th:trold butlon 

Carbon-14 1.8 X 10-2 15 9 . 0 X 
10-2 11 1.8 X 10- 2 17 1.8 X 

10- 2 20 1.8 X 10-2 

Uranfum-238-tD 1.0 X 10-1 84 7 . 0 X 
10-1 88 8.5 X 10-2 82 7.2 X 

10- 2 79 1.0 X 10-1 

Technetium-99 9.6 X 10-4 2. 5 X 10-3 <1 3 .1 X 10-4 <1 7.9 X 
10-9 <1 1.0 X 

10-1 

lodine-129 2.2 X 10- 6 <1 1.3 X 10-6 <1 7.7 X 10-7 <1 1.3 X 
10-3 8.5 X 10-1 

TOTAL X 10-l 8 X 10-l X 10-l 9 X 10- 2 2 X 10- l 

5.0 cm/ r Rechar 
ercent ercent ercent ercent 

Contrl - Contrf- Contrl- Contrf-
GI-LLI (b) Radlonucl ide Total Bodi'. butlon Bone but Ion Lung butlon lh:trold butlon 

Carbon-14 1.9 X 10- 2 16 9.5 X 10- 2 11 1. 9 X 10- 2 18 1. 9 X 10- 2 20 1. 9 X 10- 2 

Uranium- 238-tD 1.0 X 10- 1 83 8.0 X 
10-1 89 8.7 X 10-2 82 7.4 X 10- 2 78 1.0 X 10-1 

Technetium- 99 9.9 X 10- 4 2.6 X 10- 1 <1 3.2 X 10- 4 <1 8. 1 X 10- 9 <1 1.0 X 
10- 1 

lodlne-129 2.3 X 10-6 <1 1.3 X 
10-6 <I 1.1 X 10- 7 <1 1. 2 X 10- 3 8. 5 X 

10- 7 

Americium- 241 1.5 X 
10- 4 <1 6.7 X 

10-4 <1 2.2 X 10- 4 <1 1. 3 X 1 o-4 <1 1. 6 X 
10- 4 

TOTAL 1 X 
10- 1 9 X 

10-1 1 X 
10-1 9 X 10- 2 2 X 

10-1 

(a) Cumulative population dose received by the local population over 10,000 years with an as sumed 70- yr individual lifetime. 
(b) GI - LLI = gastrointestinal tra c t - lower large inte ~tlne. 
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times of intrusion and are described below. Radionuclide concentrations used 
in the following scenarios were presented in Table 4.4. 

6.4.1 Dri l ling 

Dri lling, either for water wells or for mineral exploration, is a poten 
tia l mec hanism for mov i ng buried waste directly to the earth's surface w·th 
little indication that the waste has been encountered. Monuments, barriers, 
and markers may reduce the likelihood of drilling, but they cannot preclude 

it. 

In the drilling scenario, a well 30 cm in diameter i s bored through the 

grout. The grout vault is 7 m thick; hence, 0.5 m3 of grout is brought to the 

surface. Drilling through the waste form itself is assumed to take 1 hour. 
During 

Of 1 X 

100-m2 

this time, the dril~er breathes contaminated dust with a mass loading 
10-4 g/m3 of air. The drill tailings are assumed to be spread over a 

area. 

The drillers are assumed to spend 40 hours working in the immediate 

vicinity of the tailings. (The maximum annual dose includes that from 
external radiation received during drilling, plus the longer-term dose that 

results from inhalation of radionuclides in the contaminated dust.) 

Maximum annual total-body radiation doses to members of the drill crew 
are presented in Table 6.10. The doses are dominated by external exposure to 
cesium-137 at early times and after disposal, uranium-238 at longer time 

periods. 

6.4.2 Excavation 

Several plausible excavation events that involve major disturbances of 

the grout site can be postulated. These include construction projects 
required for highway or canal building, or, on a smaller sca l e, for residen
tial basements. In these cases, workers operating heavy machinery can be 

assumed to be in a "hole in the ground," essentially surrounded by contami
nated soil. The hole could range from relatively sma ll (fo r a basement) to 

quite large (fo r a canal), but the direct exposure source and the contaminated 
dust concentration would be about the same in either case. The workers in the 
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TABLE 6.10. Calculated Maximum Radiation Doses to Individuals 
Resulting from the Drilling Scenario (Annual Doses) • Individual Maximum Dominant Dominant 

Time, yr Organ Annual Dose, mrem/yr Pathway Nuclide 

100 Total Body 4 X 10-l External 137Cs 

Bone 4 X 10-l External 137C s 

Lung 4 X 10-l External 137 Cs 

Thyroid 4 X 10-l External 137Cs 

LLI (a) 4 X 10-l External 137Cs 

400 Total Body 4 X 10-4 External 137Cs 

Bone 4 X 10-4 External 137Cs 

Lung 4 X 10-4 Externa l 137Cs 

Thyroid 4 X 10-4 External 137cs 

0 
LLI (a) 4 X 10-4 External 137cs 

1000 Total Body 3 X 10-6 External 238u 
,.,-., 

10-6 238 " 
Bone 5 X External u 

Lung 2 X 10-5 Inhalation 239Pu 

Thyroid 3 X 10-6 External 238u 

LLI (a) 3 X 10-6 External 238u 

10,000 Total Body 2 X 10-6 External 23Bu 
' 

Bone 4 X 10-6 External 23Bu 

Lung 1 X 10-S Inhalation 239Pu 

Thyroid 2 X 10-6 External 23Bu 

LLI (a) 2 X 10-6 Externa 1 23au 

(a) LLI = 1 ewer 1 a rge intestine. 

hole would be exposed to direct radiation from radionuclides in the soil and 

to resuspended dust from the construction ilctivity. 

An individual operating heavy equipment is a~sumed to work in the con-

tarninated area for 80 hours. A contaminated dust loading of 1 x 10-2 g/m3 of 

• 
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air is assumed. The excavated waste is assumed to be uniformly mixed with 
soil that has a dens ity of 1.7 x 106 g/m3. 

Max imum annua l whole-body radiation doses to workers who excavate into 
th e grout at variou s futu re ti mes are presented in Tab l e 6. 11 . Again, max imum 
annual total - body radiati on doses are dominated by externa l exposu res from 

ces iurn - 137 and uraniurn-238. 

6.4.3 Residential Horne Garden 

The resettlement of the Hanford Si te is assumed to occu r fol l owi ng the 

cessation of active i nstitut io na l control of the Site. It is beli eved that 

hypothetical resett l ement would occur first along parts of the · Hanford Site 

relatively close to the Columbia River because of the availability of water 
from both the river and groundwater at shal l ow depths. However, fo r t he sake 

of conservatism, potential future occupancy is also assumed near or at loca
tions of disposed waste. For waste sites in the 200-Area plateau (where PSW 

grout is planned to be disposed), this type of resettlement is beli eved to be 
applicable only to a few individuals, rather th~n a systematic settlement. 

Without active institutional controls, and with disregard of pass ive 

i nstitutional controls such as permanent markers and public records, waste 
disposal areas could possibly be used for residential purposes. Peop le cou l d 

build homes and conduct routine subsistence activities over buried waste 
sites. Food crops, for either domestic or animal consumption, cou l d be grown. 

(I ndividuals in this scenario are assumed to use uncontaminated well water. 

For impacts directly resulting from use of contaminated-well water, see 

Section 6.3. 2.) The resident would consequently be exposed to low levels of 
direct radiation from the buried grout and also to radionuclides via ingestion 
of contaminated crops grown in the site. Crop contamination is a function of 

the depth of the grout, the ability of the grout vault to prevent root 

intrusion, and the overall surface area used for gardening. 

Exposure pathways for the residential home garden scenario are inges tio n 

of contaminated food and external radiation . 
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from the Excavation Scenario (Annual Doses) 
TABLE 6.11. Calculated Maximum Radiation Doses to Individuals Resulting • 

Time, yr 

_oo 

400 

1000 

10, 000 

Organ 

Total Body 

Bone 

Lung 
Thyroid 
LLI (a) 

Total Body 

Bone 

Lung 
Thyroid 
LLI (a) 

Total Body 

Bone 

Lung 
Thyroid 
LLI (a) 

Total Body 

Bone 

Lung 

Thyroid 
LLI (a) 

Individual Maximum 
Annual Dose, mrern/yr 

4 X 10 1 

4 X 101 

4 X 10 1 

4 X 101 

4 X 101 

4 X 10- 2 

5 X 10-2 

8 X 10-2 

4 X 10-2 

4 X 10- 2 

7 X 10-4 

2 X 10-2 

6 X 10- 2 

3 X 10-4 

3 X 10-4 

5 X 10-4 

1 X 10- 2 

5 X 10- 2 

2 X 10-4 

2 X 10-4 

(a) LLI = lower large intestine. 

Dominant 
Pathway 

External 
External 

External 

Externa 1 

External 

External 

External 
Inhalation 
Extern a 1 

Externa 1 

Inhalation 
Inhalation 

Inhalation 
Externa 1 

Extern a 1 

Inhalation 

Inhalation 

Inhalation 

Externa 1 

Externa 1 

Dominant 
Nuclide 

137Cs 
137Cs 

137 Cs 
137Cs 
137Cs 

137Cs 

137Cs 
239Pu 
137Cs 
137cs 

239Pu 
239Pu 

239Pu 
23su 

238u 

239Pu 

239Pu 

239Pu 
238u 

238u 

Dietary parameters represent the vegetab 1 e di et of the "Hanford maximum 
individual 11 (McConnack, Ramsdell and Napier 1984). The individual in this 

scenario is assumed to grow 25% of his diet in the contaminated soil. The 

garden is postulated to be located directly above a PSW grout vault. 
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One percent of the crop roots are in contact with the was t e. For external 
radiation, the individual is exposed to the contaminated soil for 8,770 hours 
per year. 

Calcu l ated maximum annua l whole-body radiation dose s to individuals 
resulting from the residential home garden scenario are li sted in Tab le 6.! 2. 
Individua l max imum annual radiat i on doses are dominated by the ingestion 

pathway. Strontium-90 and ces ium-137 control the doses fo r 400 years, whi l e 

carbon-14 and technetium-99 control the doses afte r 1,000 years. 

6.4 . 4 Post-Drilling Hab itation 

The doses to people who directly contact the buried wastes represent only 

a portion of the impact of intrusion into the grout site. Drilling results in 

waste being physica lly disturbed and distributed in the local environment. 
This contamination could represent a source of radiation exposure to peop le 
living on or near the site of the original disturbance long after the original 

redistribution. As in the example of the residential home garden scenario, 
people .who live on or near the waste would be exposed to direct radiation from 
contamination in the soil, and to ingestion of garden foods grown in the 

contaminated soil. 

In the post-drilling habitation scenario, waste brought to the surf ace by 
the drilling scenario is assumed to be further distributed throughout a 15-cm 
plow layer i n a garden that is 2,500 square meters in area . Twenty-five 

percent of the individual's vegetable intake is assumed to come from this 
garden. The individual is assumed to spend 2,000 hours per year outs ide, 

exposed to resuspended dust and to surface contamination. 

Calculated maximum annual doses to individuals living on the grout site 

are presented in Table 6.13. Total-body doses are dominated by strontium-90 

ingestion at 400 years, carbon-14 ingestion at 1,000 years, and inhalation of 

plutonium-239 at 10,000 years. 

6.4.5 Post-Excavation Habitation 

The post-excavation habitation scenario follows directly from the excava

tion activities described in Section 6.4.2. As in the post-drilling scenario, 
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TABLE 6.12. Calculated Maximum Radiation Doses to Individuals Resulting 
from the Residential Home Garden Scenario (Annual Doses) 

Individual Maximum Dominant Dominant 
Time, yr . Organ Annual Dose, mrem/yr Pathway Nuclide 

100 Total Body 6 X 10 1 Ingestion 90Sr 

Bone 2 X 10 2 Ingestion 90S r 

Lung 2 X 10-2 Ingestion 137Cs 

Thyroid 2 X 10-6 Ingestion 1291 

LLI (a) 7 X 10-0 Ingestion 90Sr 

400 Total Body 6 X 10-2 Ingestion 90Sr 

Bone 2 X 10-l Ingestion 90Sr 

Lung 3 X 10-S Ingestion 137Cs 

Thyroid 2 X 10-6 Ingestion 129 1 

LLI (a) 2 X 10-2 Ingestion 14c 

1000 Total Body 1 X 10-2 Ingestion 14c 

Bone 7 X 10-2 Ingestion 14c 

Lung 4 X 10-6 Ingestion 99Tc 

Thyroid 2 X 10-6 Ingestion 1291 

LLI (a) 1 X 10- 2 Ingestion 14c 

10,000 Total Body 4 X 10-3 Ingestion 14c 

Bone 3 X 10-2 Ingestion 14c 

Lung 4 X 10-6 Ingestion 99Tc 

Thyroid 2 X 10-6 Ingestion 129I 

LLI (a) 5 X 10-3 Ingestion 14c 

(a) LLI = lower large intestine. 

people were postulated to live in a home constructed at the site and to con
sume food grown in an adjacent small garden. However, it was considered to be 

extremely unlikely that excavation activities would bring materials to the 
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• TABLE 6.13 . Ca l culated Maximum Radiation Doses to Individuals Resulting 
from the Post-Drilling Scenario (Annual Doses) 

Individual Maximum Dominant Dominant 
Time, yr Organ Annual Dose, mrem/yr Pathway Nuclide 

100 Total Body 1 X 101 Ingest io n 90Sr 

Bon e 4 X 101 Ingest io n 90Sr 

Lung 2 X 10° External 137Cs 

Thyroid 2 X 10° External 137cs 

LLI (a) 3 X 10° External 137C s 

400 Total Body 1 X 10-2 Ingestion · 90Sr 

Bone 6 X 10-2 Ingestion 90Sr 

Lung 1 X 10-2 Inhalation 239Pu 

Thyroid 2 X 10-3 External 137Cs 

LLI (a) 5 X 10-3 Ingestion 14c 

1000 Total Body 4 X 10-3 Ingestion 14c 

Bone 4 X 10-2 Inhalation 239Pu 

Lung 9 X 10-3 Inhalation 239Pu 

Thyroid 1 X 10-5 External 239Pu 

LLI (a) 2 X 10-6 Ingestion 14c 

10 ,000 Total Body 2 X 10- 3 Inhalation 239Pu 

Bone 3 X 10- 2 Inhalation 239Pu 

Lung 7 X 10-3 Inhalation 239Pu 

Thyroid 9 X 10-6 External 238u 

LLI (a) 9 X 10-4 Ingestion 14c 

(a) LLI = lower large intestine. 

surface for redistribution from depths greater than 5 m, and therefore, no 

impacts Here pro jected to be associated with the reference 5-m depth of soi 1 

overburden . 
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Tab1e 6.14 summarizes the long -term radiological impacts associated with 
the disposal of grouted PSW at Hanford. Th e maximum dose calculated for each 
type of scenario i s shown. The major types of scenarios represent impacts 
from dr inking wa ter at a downgradient we ll , using a ful garden at this same 

well, using water from the downgradient r i ver, and intruding directly into the 
grouted waste. The summary doses are compared to var ious radiological stan

dards as a means of measuring the effectiveness of the grout disposal system. 

Correspondent regulations are also listed for comparison. 

TABLE 6.14. Summary of Maximum Radiological Impacts 

Scenario 

Drinking Water, 
0.5 cm/yr recharge 

Full Carden, 
5.0 cm/yr rec~arge 

River, both recharges 

Intruder (residential 
home gar,jen) 

(a) WAC ( 1985) • 
(b) U.S. NRC (1982a). 
(c) U.S. DOE (1981a). 

6.5.1 Regulatory Review 

- Dose, mrem/yr 
Total Body/ 

Critical Organ 

0.02/0.3 

0.05/0.4 

4 x ,o-9/3 x ,o-8 

60/200 

Regulatory Dose Limit, 
mrem/yr 

Total Bod;i/Cri ti ca 1 Organ 

4/4 (a) 

25/75(b) 

25/75 (b) 

500/1500(b,c) 

Domin ant 
Radionuc l ide 

z3au 

23Bu 

238u 

90S r, 13 7Cs 

The current body of radiological regulations and guidelines pertaining to 

the protec ti on of public health and the environment were reviewed to provi de a 

way to measure the long-tenn perfonnance of the PSW grout system. Included in 

this review, for direct applicability and indirect guidance, were DOE orders 

and federal and state regulations, including those promulgated by the EPA, the 

NRC, and the State of Washington. 

The regulatory review indicated that regulations pertaining to the 
permanent disposal of both DOE and commercial LLW are currently developing and 
changing. In 1983, the EPA published an advanced notice of public rulemaking 

for LLW disposal (U.S. EPA 1983). These regulations are being developed and 
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are expected to be promulgated as LLW standards in the Code of Federa l Regu la
t i ons as 40 CFR 193. After promulgation, these regu l ations wou l d be expec t ed 
to app ly t o the di sposa l of future PSW grout; however, the schedul e for fin al 
ssuanc e s currentl y unk nown. 

Although t . e DO E i s not l egally bo und t o comp ly with NRC requirements, ·~ 

is usefu l to i nspect perfonnance criteria that have been estab li shed for l and 
disposal of commercial LLW, particularly because they are the resu l t of a 

l engthy env i ronmental impact study that included the i ncorporat i on of_ pub lic 

comments (U .S. NRC 1982b ) . Th e NRC issued regulations for di sposa l of 

commercial radioactive wastes in shallow-land facilities as contained i n 

10 CFR 61 (U.S. NRC 1982a). The regulations established procedures, terms, 

cr i teria and condit i ons upon which the NRC will issue a l icense for the di s
posal of wastes containing byproduct, source, and specia l nuc l ear mater i al s. 

Requirements to protect the general population from releases of radio
activity are established in 10 CFR 61.41 (U.S. NRC 1982a). According to these 

requirements, concentrations of radionuclides transported through all path
ways, including groundwater, surface water, air, soil, plants, or ani mal s must 

not result in an annual dose to an individual exceeding 

• 25 mrem to the whole body 

• 75 mrem to the thyroid 
• 25 mrem to any other organ. 

Additionally, the regulation stipulated that "design, operation, and 

closure of the land-disposal facility must ensure protect i on of any i ndiv id ua l 
inadvertently intruding into the disposal site and occupying the site or 

contacting the waste at any time after active institutional controls over t he 

disposal site are removed" (U.S. NRC 1982a). 

The NRC approach to ensuring the long-tenn protection of the inadvertent 

intruder was to establish maximum waste concentrations for a series of di s
posal systems of increasing stability and expected long-tenn perfonnance. To 

determine t he limits, the NRC eva l uated t he expec t ed performance of each dis 

posal system, using severa l hypothetica l exposure scenarios, and us i ng an 
annual dose limit of 500 mrem to the whole body or bone and 1500 mrem/y r to 
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any other critical organ. The inadvertent in truder scenar ios evaluated in our 
performance assessment closely paral l el the NRC scenar ios; therefore, the 
impacts of i nadvertently intruding into the PSW disposal site are "benc h
mar~ed" aga ·nst th e des ign criteria of 500/1 500 mrem/ _y r. 

In eu of s~ecific EPA and NRC regu lations pertain·ng t o permanent 

disposal of DO E L ~. other regulations were examined. In particular, the 

fol l owing DOE orders, as applied during the operationa l phase of disposal, 

were reviewed for guidance: 

• Order 5480.2, "Radioactive Waste Management" (U.S. DOE 1984 ) 

• Order 5480. lA, "Environmental Protection, Safety and Hea lth Protection 

Prog rams for DOE Operations" (U .S. DOE 1981a). 

Regu l ations specific to the management of radioactive waste are contained 

in DOE Order 5820.2, "Radioactive Waste Mangement" (U.S. DOE 1984). Chap-
ter III of DOE Order 5820.2, "Management of Low-Level Waste, " established DOE 

policy and guidelines for management and disposal of LLW. This order estab
lished the policy that LLW generated by DOE operations shall be disposed 
II where pract i cal, by shallow land burial or greater confinement dis -

posa l . Site-specific requirements for waste acceptance and disposal, site 

selection, site design, site operation, and site closure / post-closure shall be 

developed· and implemented by field organizations ... ". No quantitative per
formance object ives are included in the order; however, additional guidance i s 

being prepared. 

The DO E Order 5480. lA, "Envi ronmenta 1 Protec ti on, Sa fety and Hea l th 

Protect ion Prog rams for DOE Operations," established an overal l f ramewor k of 

program requirements for safety and environmental and health protection (U.S. 

DOE 198 1a ) . The order set forth radiation protection standards for operating 

DOE facilities. Chapter XI of DOE Order 5480.lA includes the dose limits for 
members of the general public in unrestricted areas in the vicinity of DOE 

faci liti es. The exposure limits were maximum annual dose equivalents of 

500 mrem to th e whole body, gonads, or bone marrow, and 1500 mrem to any other 
organ. Calcul at ion of compliance with these limits must include an ana lys·s 

of all potent i al pathways including groundwater, air, and direct exposure as 

wel l as consumption of contaminated foodstuffs (U.S. DOE 1981b) . 

APP 98-90 

- --- - - -- - - --- - -

• 

• 



• 

• 

OE/ RL 88 -27 
Rev. , 01 / 17/ 90 

These standards appl y to rout i ne DOE operations, defined as normal 

planned operat io ns, and do not include actual or potentia l accidents or 
unplann ed releases . 

The DOE is in the process of revising its radiat ion standards for pro 
tection of the pub i 'c i n the v·cinity of DO E facilit·es .. n 1985, DO E issued 

guidance supp lant in g the dose limi ts outlined above with new dose limit s based 
on the latest concepts and dosimetry of the Internationa l Commission on Rad io 

l og ical Protection ( ICRP 1977, 1979). Interi m standards , effect ive July 1, 

1985, limit the continuous dose to any member of the public to 100 mrem/ yr 

from all routine DO E operat ions at a DOE site. 

This dose must be ca lcul ated using the dosimetry models of ICRP 26/30. 

As discussed i n Chapter 6. 0, Sect i on 6.2. 1, the capability to calcu late 

<""' l ong-term impacts using the newer dosimetry is being developed at th is t ime. 
However, because the doses presented i n this analysis are calculated using 
ICRP 2 dosimetry, they must be compared to dose limits that are based on 

ICRP 2 models. 

Final ly , federal and state drink i ng water standards were reviewed for 

guidance concerning the radiolog i cal protection of the groundwater. The Safe 

Drinking Water Act (SOWA ) was enacted in 1974 to protect the nation 1 s drinking 

water. Under the authority of SOWA, the EPA issued National Interim Primary 
Drinking Water Regulations in 40 CFR 141 (U .S. EPA 1984). The 40 CFR 141 

regulations set forth radiologica l standards. The State of Was hington has 
adopted the EPA standards as drinking water limits in WAC 248-54 (W AC 1985) . 

The radionuc li de standards for Washington State drinking water suppl y systems 

are established such that "the maximum contaminant lP.vel for beta particle and 

photon radioactivity from man-made radionuclides is that the average annual 

concentration sha ll not produce an annual dose equivalent to the total body or 
any i nternal organ greater than four mi 11 i rem/year" (WAC 1985 ) . 

6.5.2 Compar ison to Regulations 

The long - t erm radiological impacts resulting from migration of rad~onu

clides in groundwater are dominated by uranium-238. At 100 years after dis 

posal of PSW, the intruder impacts are dominated by strontium-90 and 
cesium-137; after 400 years, the impacts are approximatel y 1000 times l ess. 
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The calculated release of radionuclides from PSW grout to the Columbia 

River results in extremely low incremental increases of radioactivity. The 

10,000-year cumulative impact from PSW is less than 1 person-rem. This can be 

compared to the dose from natura l background radiation that the downriver 

population would receive over 10 ,000 years: 3 billion person-rem. 
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active institutional control - in this document, act iv e in sti tutional contro l 
means continued f ederal control of the Hanford Site along with maintenance 
and surveil ance of facilities and waste sites 

advection - the transpo rt of a substcnc e solely by tn e bulk phase movement of 
a fl uid su ch as water 

aquifer - an underground bed or stratum of earth, gravel, or porous stone that 
contains water. The water can be pumped to the surface through a we ll or it 
can emerge naturally as a spring 

barrier - any medium that retards the movement of emp laced radioactive or 
nonradioactive material or reduces t he probabi lity of human access to the 
material. (Examples are engineered features, inc l uding waste containers, 
waste form, or backfill material; a natural geologic medium; or institu
tional site access and use restrictions. ) 

' conservative - conservative choices of parameters or assumptions are those 
that would tend to overestimate rather than underestimate impacts 

. constant release rate - a rate of release (amount released/ time) that does not 
vary over time 

diffu sion-controlled release rate - a rate of release (amount released / t ime ) 
dependent on the rate of diffusion of the released substance from inside t he 
source to the surface of the source 

disposal system - combination of waste preparation steps, engineered and 
natural barriers, performance verification methods, and in situ marking 
systems that contain and isolate waste after disposal 

distribution coefficient (Krl) - the ratio of the concentration of a so lute 
sorbed by solids in a porous media to the concentrat i on of solute rema i ning 
in solution 

dose - the term 11 dose 11 is used throughout this report as a shorthand notation 
where the term dose-equivalent (calculated in mrem) is intended 

dose equivalent - the product of absorbed dose, quality factor, distribution 
factor, and other modifying factors necessary to evaluate the effects of 
irradiation received by exposed persons, so that the different character
istics of the exposure are taken into account 

effective dose equivalent - the sum of the products of the dose equiva l ent to 
individual organs and tissues and appropriate weighing factors represent ing 
the risk of health relative to that for an equal dose to the who le body 
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evapotranspiration - the combined loss of water from soi l by evaporation and 
by transpiration from the surfaces of plant structures 

exposure - the condition of being made subject to the action of radiat ion; a 
measure, i n roentgens, of the ionization produced i n air by x-ray or gamma 
radiat i on 

~inger i ng - the fo rmation and downward propagation of (f ' nger-shaped ) regi ons 
of preferent i al flow caused by viscosity differences between fluids occupy
ing the pore space of a porous solid 

f l ux - quantity of substance moving past a unit area (perpendicular to f l ow 
direction) per unit time 

groundwater - water below the land surface in a zone of saturation 

grout - a slurry mixture of cement, water, fly ash, and clay that sets up as a 
solid mass and is used for waste fixation or immobi l ization 

half-life - the time required for a radionuclide's activity to decay to half 
its value, used as a measure of the persistence of radioactive materia l s; 
each radionuclide has a unique half-life 

hazardous waste - a solid waste, or combination of solid wastes, which because 
of its quantity, concentration, or physical, ~hemical or infectious 
characteristics may: 

a) cause, or significantly contribute to an increase in mortality or 
an increase in serious irreversible, or incapacitating reversible, 
illness; or 

b) pose a substantial present or potential hazard to human health or the 
environmental when improperly treated, stored, transported, or disposed 
of, or otherwise managed. 

hydraulic conductivity - the parameter relating the volumetric flux to the 
driving force in flow through a porous medium (particu l arly water through 
soil); a function of both the porous medium and the properties of the f l ui d 

inadvertent intrusion - human activity, such as home excavation, resource 
mining, and well digging, that accidentally breaches a waste site 

institutional control - see active institutional control or passive institu
tional control 

intruder - a person who violates site and marker boundaries to disturb a waste 
site 

• 

isotope - one of .several different species of a given chemical element; 
ent isotopes are distinguished by different numbers of neutrons in the 
nucleus 

differ

atomic . 

1 
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Kd - see distri but i on coefficient 

l each - to di sso lv e out the solub le components of a so li d by contac t with 
water or other so lvent 

low- l evel waste (LLW) - radioacti ve was t e not class ifi ed as high - l eve l wa st e , 
transurani c was t e , or spent nuc lear fuel 

model - a concep tu al or mathemat ical representat i on of th e ch emi ca l , phy si ca 
and biological behavior in the natural environment; the computational 
implementation of which often requires a computer code 

parameters - constant or variable factors (mathemat i cal va r i ab l es ) con t ai ned 
i n a mathematica l model which, when given different numer i ca l val ues, will 
resu l t in different values of some desired output var i ab l e 

passive institutional control - period following closure and deactivation of a 
disposal site during which public access and use is restricted by continued 
government ownership an~ restrictions on either land or resource area by the 
use of markers to delineate boundaries and potentia l hea l th hazards to i ntru
ders and the use of public records, archives, and other methods to preserve 
infonnation about the location, design, and contents of the disposed system 

pathway - the movement of materials from the source to locations of interest 

perfonnance assessment - an analysis that identifies the events and processes 
that might affect the waste disposal system, examines their effects upon it s 
natural and engineered barriers, and estimates the probabilities and 
consequences of those events and processes 

Phosphate/Sulfate Waste from N Reactor Operations - a combination of two 
liquid low-level waste streams generated by the N Reactor at the Hanford 
Site, comprised of one stream generated periodically during decontamination 
activities, another semi-continuously as a result of back-fl ushing ion 
exchange resins used to purify the water in the spent-fuel storage basin 

piecewise constant - constant within a discrete piece of a region of i nt erest; 
with different pieces of the region having different constant values 

radionuclide - any nuclide that emits radiation 

recharge - the net process of water entering a saturated aqu,rer at 
table after having percolated downward through the soil profile. 
is a fraction of the annual rainfall; the remainder is evaporated 
bare surface or transpired by plants. 

the water 
Recharge 
from the 

sorb - to adsorb onto a solid surface or to become absorbed i nto the body of a 
solid mater i al 

sorption - a general tenn used to encompass the processes of physica l and 
chemical absorption or adsorption, ion exchange, and dialysis 
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standards - a quantitative measure of criteria satisfaction, or prescript ive 
norms established to govern action, established from the perspective of cri
teria; can govern such things as radiation exposure, water quality, barrier 
and waste forn, design, and releases from a waste s ite 

steady-state - con stant with res pect to time 

streamlin es - in a steady-state flow model, the paths that particle s wou ld 
move along if pass ively flowing along with the moving water; a line that is 
everywhere parallel to the direction of fluid flow at a given instant 

stream tube - water flowing between two streamlines ( two-di mensiona l) ; an 
imaginary tube whose wal l is generated by streamlines passing through a 
closed curve 

transmissivity - a coefficient relating the volumetric flow thfough a unit 
width of groundwater to the driving force (hydraulic potential); a function 
of the porous medium, fluid properties, and saturated thickness of the 
aquifer 

unconfined aquifer - an aquifer that has a water tab l e or surface at a 
atmospheric pressure 

vadose zone - the unsaturated region of soil between the ground surface and 
the water table 

vault - in the context of this report, a concrete disposal structure for con 
taining grouted waste 
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Grout vaults wi 11 be constructed in pairs at the Grout Treatment 
Facility (GTF). A closure cover will be constructed over each pair of 
vaults after filling operations are completed. The closure cover is 
designed to prevent infiltration from precipitation, roots, and 
burrowing animals from reaching the waste. This report contains an 

evaluation of the cover design for the GTF. 

II. SUMMARY 
The design of the closure cover is based mainly on the results of 
the liquid migration analysis performed by computer (ref 2). The cover 
configuration chosen was carefully checked to ensure it met all 
requirements of the Technical Guidance Document, "Final Covers on 
Hazardous Waste Landfills and Surface Impoundments" (ref 5). 

The cover system chosen is nearly identical to the Environmenta l 
Protection Agency (EPA) recommended design. The following i s a 
description of each cover layer beginning at the top: 

The surface will be revegetated with perennial grasses to prevent 
erosion. 

A layer of topsoil with a 3 ft 9 in. minimum thickness wi ll 
support the grasses, prevent their roots from reaching the 1 ow 

permeability layers, and prevent freeze-thaw damage of the l ower 

layers. 

A 1 ft O in. thick lateral drainage layer will effectively 
transport infiltration to the edges of the cover where it will be 
safely transferred into the native soil. 

8829. ER.1883 - 1 -
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A 60-mil geomembrane wi 11 act as a barr i er to the i nfi ltrat i on . 
The slope of the geomembrane will promote lateral drainage in the 
layer above. 

The 2-ft 0-in. thick layer of soil-bentonite mix with a m1n1mum 
hydraulic conductivity of E- 7cm/S will impede the downward movement 
of precipitation should any breaches occur in the geomembrane. 
This soil mixture, along with the geomembrane , form the compos i te 

barrier layer. 

A 1-ft 0-in. thick layer of filter sand will prevent migration 
of particles from the soil-bentonite layer i nto the gravel below. 

The computer analysis using the Hydrologic Evaluation of Landf ill 
Performance (HELP) program shows that an average of 94% of annua 1 
precipitation is removed by evapotranspiration. The rema1n1ng 
precipitation that infiltrates the cover is partially retained in the 
topsoil and the rest drains 1 at era 11 y off the geomembrane over lyi ng 
the soil-bentonite layer. 

The computer analysis was also used to pred ict the expected volume of 
run-off from precipitation on the surface area of the cover . Run-off 
occurs only when 24-hr storms exceed 1 in . and the volume produced 
is small (refer to appendix A). 

Settlement analysis in Section J4, indicated that settlement up to 
3. 2 in. could occur at the cover base. The cover 1 ayers are of 
sufficient thickness to continue to perform as des igned with t his 
settlement. Periodic inspect i on and maintenance of the sur f ace wil l 
ensure that ponding is prevented. 

Wi nd and water erosion analysis of t he surface showed t hat eros i on i s 
negligible. Straw mulch anchored i n place with a straw roller will 
he 1 p prevent erasion during the first few seasons and es tab 1 i shment 
of the wheatgrasses will prevent eros i on for the long term . 

8829. ER . 1883 - 2 -
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The cover prevents infiltration from precipitation from reaching the 
vault structure or the concrete catch basin. 

IV. DESCRIPTION 
Closure covers will be constructed over a pair of vaults. The 
precipitation infiltrating the topsoil will drain laterally through a 
sand layer across the 10% slope of the barrier layer and into the 
subsoil between vault pairs. The barrier layer is a composite of a 
geomembrane overlying a layer of soil/bentonite mix. This composite 
is beneath more than 3. 5 ft of soil to prevent damage from frost 
action, roots, and burrowing animals (refer to figures 1, 2, and 3). 

A. Protection of Membrane 

1. Sand Bedding Layer 
The sand bedding layer will offer protection from above for the 
geomembrane. The layer will be constructed from stockpiled 
materials which are no coarser than sand (SP) as des,gnated 
by the Unified Soil Classification System (USCS). The layer 
thickness of 12 in. is more than adequate to prevent damage 
from sharp objects in the overlying topsoil. 

2. Soil/Bentonite Mix Layer 

8829.ER.1883 

The soi 1 /bent on i te mix 1 ayer will under l i e the geomembrane 
providing protection from below. The soil mater i al in the mix 
is sandy silt (ML), as designated by the uses, and is available 
onsite. The material will be screened and the lifts compacted 
and rolled smooth before placement of the geomembrane. 
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8. Low Permeability Layers 
DOE/RL 88-27 

Rev. 1, 01/17/90 

1. Geomembrane 
The geomembrane material chosen is 
polyethylene (HOPE). This material 

60 mil, high density 
is identical to the 

geomembrane used in the secondary 1 i ner system. Using the 
same material and installation procedures will ensure that the 
permeabi 1 i ty of the cover is equa 1 to that of the secondary 

1 i ner. 

2. Soil/Bentonite Layer 

8829.ER.1883 

The spread of any 1 iquid passing through breaches in the 
geomembrane will be slowed by a 2-ft thick layer of soil/ 
bentonite mix. A pug mill will be used to thoroughly blend 
the mix and ensure consistent results. The layer will be 
compacted to 95% maximum dry density at a mix ratio that will · 
achieve a maximum permeability of E- 7 cm/sec. Specification 
8-714-CS includes methods of construction to be used. 

a. Soi 1 
A geotechnical report (ref 1) investigated candidate soils 
for use in the low-permeability layer. Laboratory tests 
yielded results indicating that a sandy silt uses (ML) 
available onsite will perform satisfactorily. 

b. Benton ite 

The bentonite portion of the mix will be sodium montmoril
lonite. Laboratory tests indicate that a mix of 10 to 

20% bentonite, depending on the method of mixing, 

compaction, etc., will achieve the required permeability . 
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C. Laboratory Analysis 
A laboratory testing program was conducted to determine physical 
and engineering characteristics of soil samples obtained at the 
project site. Following is an excerpt from ref 1 which describes 
the laboratory analysis on the soil samples: 

8829.ER.1883 

"The program consisted of index property tests such as 

moisture content, density, particle size, and Atterberg 
Limits tests. Specific tests to determine compaction 
characteristics, strength, deformabil i ty, permeabi 1 ity, 
and shrinkage characteristics were a 1 so conducted and 
are described below. 

"Particle size (sieve) analysis tests were conducted on 
samples from the excavation face, a borehole at the 
proposed vault location, and the stockpile soils in 
order to assist in classifying the soils, and to provide 
a basis for estimating engineering performance such as 
strength, deformability, collapse potential, and 
erodibility. This data is also useful for estimating 
permeability. 

"Strength parameters fo~ foundation soils were obtained 
using both direct-shear and triaxial-compression tests 
performed on slightly disturbed samples. Direct-shear 
tests were conducted on samples from shallow depths to 
provide data for the analysis of the stability of natural 
slopes, as well as for the analysis of foundation bearing 
capacity. Samples were tested in triaxial compress ion 
primarily to provide deformability estimates for the 
analysis of foundation settlements . The tests were 
conducted under consol idated drained conditions at the 
natural moisture content of the sample, and included 
several unload-reload cycles to better define the true 
elastic modulus. 

- 8 -
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"Strength parameters were obtained for stockpile soils in 
order to assess the stabi 1 i ty of future compacted fi 11 
slopes. Direct-shear tests were conducted on samp 1 es 
compacted to 90% of the maximum dry density as determined 
by ASTM D 1557 and permitted to air dry to a moisture 
content more representative of the in-situ conditions. 

"Compaction characteristics of the stockpile soils were 
examined by conducting both standard and modified Proctor 
compaction tests. This information was obtained to 
provide a basis for compacted fill recommendations, 
estimates of loads applied by compacted backfill, 
estimates of earth pressures, and evaluation for possib l e 
use in the vault closure-cover system. 

"The closure cover soil analysis also required that 
compaction tests be conducted on both stockpile sand and 
silt mixed with various percentages of bent on i te . The 

resulting data was used to guide the preparation of 
samples for permeability testing. 

"Constant head permeability tests were conducted on soils 
under consideration for , use in the cl osure-cover system. 
A rigid wall compaction mold permeameter was employed i n 
this testing. Pressure heads for 2 to 20 psi were used , 
with most testing conducted at 15 ps i . The soils 

investigated were mixed with as much as 20% by weight of 

bentonite, in order to ach ieve the target l aboratory 
permeability of 1 x 10-8 cm/ sec. One set of samp l es , 
incl~ding stockpile sand and sandy silt, was first 
des i ccated by drying to 160°F over a 12-day per i od , t hen 
tested for permeabil i ty us i ng the procedure above . 

"Shrinkage performance of soils under considerat ion for 
use in the closure cover was examined by conducting 
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shrinkage tests on cylindrical samples and by mapping 
shrinkage cracks in permeability samples that were 
desiccated by drying to 160•F in 13•F increments over a 
12-day period." 

Results of the laboratory analysis are found in ref 1. 

D. Lateral Drainage 
The sand bedding layer, placed directly above the geomembrane, 
will allow infiltrating liquid to migrate laterally out of the 
cover and into the surrounding soil. The sand uses (SP) is spread 
to a compacted thickness of 12 in. The grain size distribution 
selected yields a typical hydraulic conductivity of lE-1 cm/sec 
(ref 12). 

E. Gas Vents 

F. 

Gas generation studies have not been completed. Gas venting, if 

required, will be designed at a later date. 

Slope Stability 
Construction of the cover requires 
1.5 horizontal to 1.0 vertical as detailed 

temporary slopes of 
in figures 2 and 3. The 

slopes are temporary and will be backfilled to a level condition 
as adjacent vault excavations are backfilled. A maintenance 
schedule will be implemented to repair any eroded areas until 
adjacent covers are placed. The results of the slope stability 
analysis are presented in the geotechnical report (ref 1). 

G. Liquid Migration Analysis 
The HELP software, developed by Schroeder et al ( ref 2) for the 
EPA, was used to model water movement through the cover design. 
The HELP model uses a maximum of 20 yr of precipitation data. 
Precipitation data has been recorded at the Hanford townsite and 
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the Hanford Meteorology Stat ion from 191 2 to the present 
(figure 4). The average annual precipitation rate , excluding 
years of incomplete data, is 6.42 in. (ref 3). The climatological 
history of the Hanford Site from the year 1981 through 1987 was 
used as input for daily precipitation and temperatures. These 7 yr 
of data were chosen because of their higher-than-average annual 
precipitation rate of 7.21 in. This period also included the 
third highest annual precipitation recorded (11.03 in.) (ref 4). 

The HELP model results (refer to appendix A) show that an average 
of 94o/. of the annual precipitation is removed by evapotranspira
tion. This percentage is probably conservative because the HELP 
program does not include ca lcul at ions for evaporation caused by 
wind. No run-off from precipitation on the surface area of the 
cover is produced by the model, even though the data includes a 
storm of 0.93 in. in 24 hr. 

The rainfall for the 24-hr, 25-yr storm was inserted in the 
precipitation data to evaluate the cover design performance for 
the worst case single event (refer to appendix A). 

The precipitation which infiltrates the cover is partially retained 

in the topsoil. Less than 4% of the average annual precipitat ion 

will drain laterally off the geomembrane of the composite barr i er 

layer and into the soil between vault pairs. No water penetrates 

the composite barrier layer of the cover according to the model. 
Also, the model predicts no head (saturated soil) on the surface 
of the composite barrier 1 ayer. ( See appendix A for deta i 1 s 

assumed for the geomembrane.) 

The HELP program was a 1 so used to ana 1 yze the EPA recommended 

cover design. The only difference between the two designs -is the 
amount of topsoil. The EPA design requires only 2 ft of topsoil. 
The topsoil over the vaults varies Jetween 3.75 and 11.5 ft. The 
greater thickness of topsoil provides more water retention 
capacity, so less water reaches the composite barrier l ayer . 
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DOE/RL 88-27 
H. Maintenance Requirements Rev. 1, 01/17/90 

The closure cover will require maintenance as identified by the 
quarterly inspections. Maintenance action could include: 

Erosion damage repair 
Correction of settlement and subsidence 
Vegetative cover maintenance 
Animal activity repair 

The Inspection and Maintenance Plans, contained in the permit 
application, describe scheduled inspection and maintenance action 
for the cover. 

I. Erosion Potential 

1. Surface Erosion 

8829.ER.1883 

Erosion damage may occur as a result of flooding, 
precipitation, or wind. Because the flow in the Hanford 
reach of the Columbia River is controlled by the Priest Rapids 
Dam, the probability of erosion damage to the site from floods 
is low. The vault site lies in an area completely above the 
100-yr floodplain. The combination of arid climate, high 
evapotranspiration rate, and the 0.5% slope of the cover 
surface makes damage at the site from storms unlikely . 

A potential for erosion from wind exists, particularly during 
the period of vegetative establishment. Mulching practices, 
which will be implemented during closure, are quite effective 
at minimizing wind erosion prior to establishment of a 
perennial grass cover. A stable vegetative cover will reduce 
possible damage due to wind and water erosion. A mixture of 
Thi ckspi ke wheatgrass (Aqropyron dasytachvum) and a Siberian 
wheatgrass (Agropyron sibericum) will be seeded in the topsoil. 
Thi ckspi ke wheatgrass is a rhi zomatous native grass of the 
Pasco Basin and well suited for wind erosion control on deep 
sandy soils (ref 7). Siberian wheatgrass is the most abundant 

- 13 -

APP llA-16 

9/89 • 



• 

• 

D0E/RL 88-27 
Rev. 1, 01/17/90 

of the perennial grasses seeded on the Hanford Site for 
stabilization purposes and has been noted to competit ively 
limit a variety of less-desirable plant species. The Russian 
wheatgrasses develop a much larger root density than native 
wheatgrasses and thus more effectively extract water from the 
soil profile (ref 8). The wheatgrasses are planted in the 
fall whenever practicable. If, due to scheduling, cover 
construction requires a spring planting, an annual cereal 
ryegrass is specified to quickly stabilize the surface, 
followed by planting of perennial wheatgrasses in the fall. 
The grass roots are expected to penetrate throughout and stay 
within the fine topsoil, as water is retained preferentially 
in this layer rather than the sand bedding layer directly 
below the topsoil. Soil permeabilities and rainfall 
intensities at Hanford are such that water-induced erosion 
will be very minor on the relatively flat area surrounding 
the vaults. However, slopes created by the placement of the 
topsoil and run-on/run-off control structures during closure 
and the ch·anneling of run-off water may lead to localized 
increases in erosion. 

The HELP model analysis indicated precipitation run-off would 
occur when 24-nr storms exceeded 1 in. Since daily 
precipitation has equalled or exceeded 1 in. only twice during 
the period from 1946 through 1987 (ref 3), there is little 
potential for run-off to cause erosion. 

2. Piping and Seepage Erosion 

8829. ER. 1883 

The geotechnical investigation (ref 1) indicates that 
recompacted soils are expected to perform well under erosive 
conditions. Geosynthetic materials placed between each layer 
will prevent interlayer mixing during construct i on. The 
particle size distribut ion for each layer was des i gned to 
prevent migration between layers . 
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3. Drainage System 
Due to the infrequent and low volume of run-off, the cover is 
sloped uniformly so that all run-off will travel to the north 
and be drained away from the site. Intermediate collection 
ditches are not necessary. Additional run-on/run-off features 
may be found in the Engineering Report for Run-on/Run-off 
Control System Design. 

J. Settlement and Subsidence 
The bottom of the vault will be placed about 57-ft below existing 
grade. The subgrade will undergo an upward heave movement due to 
excavation unloading, and will subsequently experience downward 
settlements as construction and vault fi 11 i ng progresses. 
Settlement at the cover surface will be the sum of settlements in 
the fa 11 owing: 

Subsoil 
Vault structure (including lining systems) 
Grouted waste 

1. Subsoil Settlement 
The subsoil consists of relatively dry sands making settle
ments immediate in nature. The addition of the closure cover 
is expected to cause a sett 1 ement of around O. 2 i n. The 
cumulative settlement of the subsoil during construction is 
given in· the geotechnical report (ref 1). 

2. Vault Structure Settlement {Including Lining Systems) 
The vault structure consists of: 

8829. ER. 1883 

Spray-on coating 
Concrete vault with structural cover 
Graiel drainage media 
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Flexible membrane liner (FML) 
Concrete basin 
Gravel diffusion barrier 

DOE/RL 88-27 
Rev . 1, 01/17/ 90 

The spray-on coating and FML are relatively thin and any 
compression in these elements will be insignificant . . The 
gravel is a graded layer, and settlement after initial 
compaction will be negligible. The solid mass of the concrete 
is essentially incompressible at these pressures and will 
contribute nothing to the cover settlement. 

3. Grouted Waste Settlement 
After filling operations are complete, a nonradioactive grout 
fill will be placed over the waste to fill any void space 
between the grouted waste surface and the vault ceiling and 
any open voids caused by grout shrinkage. Local vo i ds of 
3 in. or less in depth could be left in the surface of the 
clean gro~t cap. A performance specification for void space 
filling will be written at a later date. 

4. Total Settlement 
The additive result of these settlements is 

0.2 + 0 + 3 = 3.2 in. 

This assumes that at some point the structural vault cover 
fails and collapses into a 3-in. void in the clean grout cap . 
A 3-in . local failure at the top of the vault level wil l have 
little disruptive effect on the cover layers some 5 ft above. 
The layer thickness and slope are suff i cient to al l ow the 
cover to continue to perform as designed to minimize 
infiltration during and after settlement . 

K. Inf i ltrat ion 
The HELP model results ind i cate that no l i qu id fr om the des i gn 
storm infiltrates through the low-permeabi li ty layers of the 
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cover. If , for any reason , some liquid does infiltrate through 

the cover, it would be shed by the sloped and sealed cover blocks. 

Directly below the cover blocks is the grout cap (figure 3} which 

gives additional protection against infiltration. Upon closure, 

the vault will be completely filled leaving minimum void space 

thereby eliminating areas for liquid to collect should any 

penetrate the barriers above . 

L. Freeze/Thaw Effects 

Freeze/thaw effects have been considered in the grout vault cover 

design. The maximum frost penetration depth as recorded at the 

Hanford Meteorological Station is 3-ft belowgrade. The average 

number of annual freeze/thaw cycles is 93 with a range of 25 to 

168 ( ref 3). A freeze/thaw cycle is defined as a day where the 

minimum temperature is below freezing and the maximum temperature 

is above freezing. 

Water from capi 11 ary rise must be considered for freeze-thaw 

evaluation. Capillary rise is typically a few inches to several 

feet depending on the pore size of the soil (ref 9). Ground 

water monitoring wells nearby indicate that the water table is 

205 ft below the disposal vault bottom elevation . This water 

table elevation, coupled with the subsurface soils of the Hanford 

formation, indicate that capillary rise from the water table to 

the cover is not a problem. 

In summary, considerations of freeze/ thaw effects on the cover 

have been evaluated, and the cover has been adequately designed 

to prevent deterioration due to freeze/ thaw eye l i ng by being 

placed a minimum of 3.5-ft belowgrade. 

M. Waste Stabil i zation 

Cement, fly ash, slag, and other mater i als will be mi xed wit h the 

l i quid waste to form a slurry. The slurry will setu~1 in the 

vault to form a stable grout mass . Minimum design compressive 

strength is 50 psi . The total weight of the waste and all earth 
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loads from above yields a compressive stress of 38 psi. This 
represents a minimum ultimate safety factor of 1.33, therefore 
waste will remain stable under expected loads. 

CONCLUSIONS ANO RECOMMENDATIONS 

A. Slope Stability 
The Bishop modified method of slices (ref 10) was used to determine 
the s 1 ope stability. The input parameters inc 1 ude s 1 ope 

topography, pi ezometri c 1 eve 1 s, soi 1 parameters, surcharge 1 oad 
conditions, earthquake acceleration coefficients, and search 

limits for locating possible failure surfaces. 

The stability of slopes constructed at inclinations of 1 horizontal 
to 1 vert i ca 1, 1. 3 hori zonta 1 to 1 vert i ca 1 , and 1. 5 horizontal 

to 1 vertical were analyzed. Site conditions have indicated 

that the piezometric level is far below the excavation floor 
(elevation 621), therefore, water was not considered in the 

analysis. 

Slope geometries 1.3 to 1 and 1.5 to 1 indicate that these slopes, 
composed of native soil or compacted backfill material, are stable 

under static loading conditions. The 1.5 to 1 slope has a factor 

of safety of 1.01 under dynamic loading conditions, which produces 

a horizontal acceleration of 0.1 g and a factor of safety of 1.27 

under static conditions. 

B. Liquid Migration Analysis 

The HELP model analysis showed that the cover design will prevent 

liquids from infiltrating to the vaults containing the waste. 

Most of the precipitation will be evapotranspirated because of 
the low precipitation and low humidity at the site . The 
preci pit at ion that wi 11 infiltrate the cover wi 11 be part i a 11 y 

retained by the soil. Less than 4% of the average annual 

precipitation will reach the barrier layer and will drain latera l ly 
from the cover into the surrounding backfill . 
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The universal soil loss equation developed by the U.S. Department 
of Agriculture (ref 11) was used to estimate the soil loss due to 
water erosion. The input parameters include rainfall erosion 
index, soi 1 erodabil i ty factor, 1 ength and steepness of slope, 
vegetative cover factor, and erosion control practice factor. 

The results show 0.22 ton/acre will be lost due to erosive action 
the first year, and 0.96 ton/acre will be lost annually 
thereafter. The flatness of the cover and the low annual rainfall 
were the most instrumental factors influencing the low results. 
The soil loss calculations are included in appendix B. 

The wind erosion equation (ref 6) was used to estimate the soil 
loss from wind erosion. The input parameters included soil 
erodibility index, soil ridge roughness factor, climat i c factor , 
field length, and quantity of vegetative cover. 

The results ind icate an annual loss of .915 ton/ acre due to wi nd 
erosion. 

Total calculated erosion is .96 + .915 = 1.88 tons/acre/ yr . This 
figure is below the EPA recommended 2 tons/ acre/ yr maximum (ref 5). 

Periodic inspection and ma i ntenance is required during the post 
closure monitoring period to ensure that erosion does not threaten 
the integrity of the cover. 
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
(HELP) 

MODEL RESULTS 

DOE/ RL 88-27 
Rev. 1, 01 / 17/ 90 

The Hydrologic Evaluation of Landfill Performance (HELP program), by P.R. 
Schroeder et al, 1988, models water movement across, into, through and out of 
landfills. This program contains solution techniques for surface storage, 
runoff, infiltration, evapotranspiration, vertical percolation, lateral 
drainage and soil moisture storage. Data required by the program can be 
manually input, synthetically generated and/or retrieved from files of default 
data. 

Input and results of the liquid migration analysis of the cover designs are 
contained in the following pages. Three models were created: 1) the cover 
design for the grout vault pairs, 2) the EPA cover design and 3) the final 
cover over five vaults for the runoff evaluation. These evaluations were 
produced using the daily precipitation and temperature data from the years 
1981 through 1987 (this data was obtained from the Hanford Meteorology Station 
and input manually). These years were chosen because of their greater than 
average precipitation and the wide range of temperatures. The solar radiation 
values were synthetically generated. Default data from Yakima was used to 
obtain a range of values for leaf area indices and evaporative zone depths. 

The HELP program provides default soil data for unvegetated, uncompacted soil. 
This data is correlated with the Unified Soil Classification System (USCS). 
The soil characteristics used to model the cover design were obtained by 
choosing default data that closely approximated the information from the soil 
tests performed by Dames & Moore and EPA's recommendations for cover design. 
The tests by Dames & Moore are documented in "Geotechnical and Corrosion 
Investigation - Grout Vaults, Hanford, Washington", October 10, 1988. These 
characteristics include hydraulic conductivity, porosity, field capacity (amount 
of water soil retains after gravity drainage ceases) and initial so il water 
content. The program adjusts the data for compacted soils. 

The topsoil layer of the closure cover design was divided into a lower 
compacted portion and a 6 inch layer at the surface of uncompacted si l ty, 
fine sand to support the vegetation (see diagram, p. A-4). The vegetation, 
according to the HELP model classification, was poor grass with an evaporative 
zone depth of 20 inches. The model computes both decaying plant density and 
actively transpiring plant density as a function of ambient temperature and 
soil temperature, so the model also requires information about the growing 
season. 

To model water movement through the composite barrier layer (layer 4), the 
program requires a value for the fraction of the area of the soil bentonite 
layer that drains from leaks in the geomembrane. The results showing no 
percolation from the composite barrier layer were modelled with a l ea kage 
factor of 0.00001 (values must be between O and 1, recommended range between 
0.01 and 0.000001) . When the model was run with a leakage factor of 0.01, 
the results showed an average annual total percolation through the composite 
barrier of three cubic feet. 

A - 2 

APP llA-26 

• 

• 



• 

• 

DOE/RL 88-27 
Rev. 1, 01/17/ 90 

The 25-yr, 24-hr storm (Stone, W. A. et al, Climatological Summary of the 
Hanford Area, PNL, 1983) was inserted into the portion of the precipitation 
data which would model the greatest amount of runoff from the cover. The 
runoff eva1uation included the entire area of the final cover over five vaults 
(161200 ft). The 1.56 inches of rainfall was added to the data of late January 
in the heaviest winter (1985-1986) of the 7 years of input data. All the snow 
had melted followed by three days of rainfall that totalled about a half inch. 
The addition of th~ 25-yr, 24-hr storm on the fourth day produced 0.165 inch 
of runoff (2211 ft) . 
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TABLE 4 • DEFAULT UHVEGETATED, UHC0!1PACTSD SOIL CHARACTE?.ISTICS 
===-------==-====----------------------------------------------==--=======-

SOIL TEXTURE FIELD ilIL TIHG SAT. HYD. 

-------------------- POROSITY CAPACITY POINT COHDUCTIVITY 
HELP USDA uses (VOL/VOL> (VOL/VOL) (VOL/VOL) (C?1 / SEC> 

l cos GS 0.417 0.045 0.018 1. OE-02 
2 s SW 0.437 0.062 0.024 5.SE-03 
3 FS SM 0.457 0.083 0.033 3.lE-03 
4 LS Sl1 0.437 0.105 0.047 1. iE- 03 
5 LFS Sl1 0.457 0. 131 0.058 1. OE- 03 
6 SL S!1 0.453 o. 190 0. 085 7. 2E- C4 -
7 FSL Sl1 0.473 0.222 0.104 5.2E-04 
8 L ML 0.463 0.232 o. 116 3.7E-04 
9 SiL ML 0.501 0.284 0.135 1. SE-04 

10 SCL SC 0.398 0. 244 0.136 1. 2E:- 04 
11 CL CL 0.464 0.310 0.187 6. 42-05 
12 SiCL CL 0.471 0.342 0.210 4.2::- os 
13 SC CH 0. 430 0.321 0.221 3.:::-o5 
14 SiC CH 0.479 0.371 0.251 2.s::-os 
15 C CH 0.475 0.378 0.255 l. 7E:- 05 
16 Liner Soil 0.430 0.356 0.280 l. OE:- 07 
17 Liner Soil 0.400 0.356 0.2SO 1. OE- OS 
18 !1un. W~ste 0.520 0.294 o. 140 2.0E:- 04 
19 USER :?ECirIED SOIL CHARACTE:tISTICS 
20 USER S?E:CIFIE:D SOIL CHARACTERISTICS 

from 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE by P.R. Schroeder et al, 1988 
-------------------- -----------------====-===========================----== 
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OOE/RL 88-27 
R~v. 1, 01/ 17 /90 

*********************************************************************** 
*********************************************************************** 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION 
TSICKNESS = 
EVAPORATION C8EF~ICIZNT = 
POROSITY = 
FIELD CAPAC!TY = 
WILTING POINT = 
INITIAL SOIL WATER CONTENT = 
SATURATED HYDRAULIC CONDUCTIVITY = 

LAYER 2 

VERTICAL ?ERCOLATICN 
THICKNESS = 
EVAPORATION COEFFICIENT = 
POROSITY = 
FIELD CAPACITY = 
WILTING POINT = 
INITIAL SOIL WATER CONTENT = 
SATURATED HYDRAULIC CONDUCTIVITY = 

LAYER 3 

T~ICKNESS 
EVAPORATION COEF=ICIENT 
POROSITY 
FI:C:LD CAPACI:'Y 
WILTING ?onn 
INITIAL SOIL WAT:::R CONTENT 
SATURATED HYDRAULIC CONDUC:IVITY 
SLOPE 
DRAINAGE L2NGTH 

A-6 

= 
= 
= 
= 
= 
= 
= 
= 
= 

APP l lA-30 

LA~2 
0.00 INCHES 
5 . 100 ~M / DAY**0.5 
0.4530 VCL / VOL 
0.1907 VOL / VOL 
0.0849 VOL / VOL 
0.1907 VOL / VOL 
0. 0007200000691 C~ / SEC 

LAT.::2 
5 4. 0 0 :!·1C::~S 

3.300 t:11'! / DAY**0.5 
0.361 0 VOL / VOL 
0. 16-U VOL / VOL 
0.08~9 VOL / VOL 
0 . 16.;3 'lOL /VOL 
0. 0000 359999976 C~ / SZC 

12 . oo :;::-1e~::::s 
3 . 4. l 7 t~"'! / DAY-.:-:.: J . 5 
0. 3l. 7 8 '/OL / VOL 
0 .0 :350 VOL / VOL 
0.0'.:00 VOL /VOL 
0.0350 VOL / VOL 
0.1 0 0000001~901 C~ / SEC 

10. 00 ?::2CE!H 
85.0 ?::::T 

• 

• 
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BARRIER SOIL LINER WITH FLEX:3LZ t-!EMB?..A.Ni:: ;:_.: ~::?.. 
24.00 I NC::ES THICKNESS = 

EVAPORATION COEFFICIENT = 
POROSITY = 
FIELD CAPACITY = 
WI LTING POINT = 
INITIAL SOIL WATER CONTENT = 
SATURATED HYDRAULIC CONDUCTIVITY = 

LAYER 5 

VERTICAL PERCOLATION 
THICKNESS = 
EVAPORATION COEFFICIENT = 
POROSITY = 
FIELD CAPACITY = 
WILTING POINT = 
INITIAL SOIL WATER CONTENT = 
SATURATED HYDRAULIC CONDUCTIVITY = 

2.300 HM / ~AY~*0.5 
0.400 0 VOL / VO L 
0.3 563 VOL / VOL 
0.2901 VOL / VOL 
0.4000 VO L/ VOL 
0.0000000 : 000 00 C~ / SEC 

LAYER 
12. 00 INC~~S 

3.417 HM/ DAY**0 . 5 
0 .3!. 7 8 VOL / VOL 
0 . 0350 VOL / VOL 
0. 0 200 vc~, 'VOL 
0.0350 VOL / VOL 
0.1000000014901 C~ / SEC 

GENERAL SIMULATION DATA 

" SCS RUNOF~ CURVE NUMBER 
C TOTAL AREA OF COVER 

EVAPORATIV~ ZONE DEPTH 

= 
= 
= 

79 . 53 
28475. SQ F'!' 

20. oo r:~-= ~=== 
EF~ECTIVE EVAPORATION COEFFICIENT = 4 . ~:. 7 t-'~! / :'.l . ..'...Y **0. 5 
UPPER LIMIT VEG. STORAGE = 7 . 77 20 INC~::s 
INI!IAL VEG. STORAGE = 3 . ~~44 

SOIL WATER CONTENT INITIALIZZD BY USZR. 

CLIMATOLOGICAL JATA 

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TS~PE~A:c;Es AND 
SOLAR RADIATION FOR HANFORD W.:...S2ING72N 

MAXIMUM LEAF AREA INDEX = 1.00 
START OF GROWING SEASON (JULIAN DATE) = 86 
END OF GROWING SEASON (JULIAN DATE ) = 294 

NORMAL ~.EAN MONTHLY TEMPERATURES, DEG2E::S ~A~?.ZNHE~7 

JAN / JUL 

31.60 
76.10 

FEB / AUG 

38.70 
74 . 40 

HAR/ SEP 

44.00 
66 .30 

APR /OCT 

A- 7 

. 51 . 10 
52 .60 

APP llA-31 

MAY / tlOV 

60.50 
39.40 

.JUN / DZ C 

70 .20 
32 .30 
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- - 1 -··· -

- __ ,. ·.~ 

AVERAGE ANNUAL TOTALS (AND STD. DEVIATIONS ) FOR 81 TS?.OUG3 87 
-----------------------------------------------------------------------

( INCHES ) ( CU. FT. ) PERCENT 
---------------- ----------- -------

PRECIPITATION 7.21 2.016) .. ..., • ., ,.., 
- j .J.. .o. 100.0 0 

RUNOFF 0.000 0.000) 0. 0.00 

EVAPOTRANSPIRATION 6.824 1.541) 16193. 94.oJ. 

LATERAL DRAINAGE FROM 0.2207 0.2173) 524. " ""~ .) . \,; :::) 

LAYER 3 

PERCOLATION FROM LAYER 4 0.0000 0.0000) 0. r. "n V • ,,_,, .._,, 

PERCOLATION FROM LAYER 5 0.0116 0 . 0000) 27. 0. 1.6 

**************************************************::+:*******::+:********::+:*** 

*******************************************************************::+:*** 

PEAK DAILY VALUES FOR 

PRECI?I':'ATION 

RUNOF? 

LATERAL DRAINAGE FROM LAYER 3 

PERCOLATION ??.OM LAYER 4 

HEAD ON LAYER 4 

PERCOLATION FROM LAYER 5 

HEAD ON LAYER 5 

SNOW WATER 

MAXIMUM VEG. SOIL WATER ( VOL / VOL ) 

MINIMUM VEG. SOIL WATER (VOL / VOL) 

81 THROUGH 

( INC2ES ) 

0 . 93 

0.000 

0 . 0023 

0. 00 00 

0. 0 

0 . 00C2 

0.0 

1. J.5 

87 

0.2536 

o.os.;9 

( CU. FT. ) 

2206. 8 

0.5 

2733 . ~ 

*********::+:*************************************** ~***~******~**~;Ir;*~ *~~* 
*x*****************************************************~**~*~****~~**** 
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EPA COVER 

• 
HANFORD, WASHINGTON 
'.1/ 22/88 

*********************************************************************** 
******************************************************~*************~** 

• 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION 
t. .;THICKNESS = 

EVAPORATION COEFFICIENT 
l'.POROSITY 

= 
= 

a-FIELD CAPACITY 
· WILTING POINT 

= 

-

INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

= 
= 
= 

VERTICAL ?ERCOLATION 
THICKNESS = 
EVAPORATION COEFFICIENT = 
POROSITY = 

"FIELD CAPACITY = 
WILTING POINT = 
INITIAL SOIL WATER CONTENT = 
SATURATED HYDRAULIC CONDUCTIVITY = 

LAYER 3 

LAYER 
6. 00 INCEES 
5.100 ~M/DAY**0.5 
0.4530 VOL/VOL 
0.1907 VOL/VOL 
0.0849 VOL/VOL 
0.1907 VOL / VOL 
0.0007200000691 C~/ SEC 

LAYE:R 
13.00 INCESS 

3 .300 MM / DAY**0. 5 
0.3610 VO L/ VO L 
0 .164 3 VOL/VOL 
0.08<i9 VOL/VOL 
0 .1 643 VOL/VOL 
0.0000359999976 CM / SEC 

LATERAL DRAINAGE LAYER 
THICKNESS = 12.00 INCEES 
EVAPORATI ON COEFFICIENT 
POROSITY 
FIELD CAPACI':'Y 
WILTING ?OINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 
SLOPE 
DRAINAGE L.E:NGTH 

= 
= 
= 
= 
= 
= 
= 
= 

A- 9 
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3 .4 17 MM / DAY~*0.5 
0.3178 VO L/VOL 
0.0350 VOL/VOL 
0 . 0200 VOL / VOL 
0.0350 VOL / VOL 
0.10 00 000 014 901 CM/S2C 

10.00 ?ERCENT 
85.0 ?EET 
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BARRIER SOIL LINER WITH FLEXIBLE 
TSICKNESS . = 
EVAPORATICtl COEF::I: IENT = 
POROSITY = 
FIELD CAPACI7Y = 
WILTING POINT = 

MEMBRANE LINER 
24.00 INCHES 
3.300 ~~ / DAY**0.5 
0.4000 VOL/ VOL 
0 . 3563 VOL / VOL 
0.2901 VOL/VOL 

INITIAL SOI~ WATE?. CONTENT = 
SATURATED SYDRAULI: CONDUCTIVITY = 

0.4000 VOL/VOL 
0.0000000100000 C~ / SEC 

LA'P-R 5 

VERTICAL PERCOLATION 
THICKNESS = 
EVAPORATION COEF?:CIENT = 
POROSITY = 
FiELD CAPACITY = 
WILTING POINT = 

LAYER 
12.00 INCHES 
3.417 M~ / DAY**0.5 
0 . 3178 VOL/VOL 
0.0350 VOL/VOL 
0.0200 VOL / VOL 

INITIAL SOI~ WATE?. CONTENT = 
SATURA.TED 3~~R.AUL:: CONDUCTIVITY = 

0.0350 VOL / VOL 
0.1000000014901 C~ / SEC 

GENERAL SIMULATION DATA 

SCS RUNOFF C~RVE S:MBER = 79.58 
TOTAL A:.EA OF cov:::R = 28475. SQ ?T 
EVAPORATIVE ZONE :z?TH = 20. 00 INCHES 
EFFECTIVE EVA?ORl-.T:JN COEFFICI::S:NT = 4.417 ~!M / DAY**0.5 
UPPER LIM:T 7EG. S72RAGE = 7 . 7720 INCHES 
_NIT!AL VEG. STOR~~E = 3.4444 INCEES 

SO I L WA:ER CONTENT INITIA~IZED BY USE?.. 

CLIMATOLOGICAL DATA 

USER S?ECI?:ED RA:::FALL WITH SYNTSETIC DAILY TEMPE~ATURES AND 
SOLA~ RADIATION ?C·?. HANFORD WASEING'!'ON 

MAXIMUM LEAF AnEA :NDEX = 1. 00 
START OF G~OWElG S::'.ASON ( JULIAN .CATE) = 96 
END OF GRC'riING s::: . .:.soN (JULIAN DATE) = 294 

JAN /JU L 

31.60 
76.10 

FEi3 I At.iG 

38 . 70 
74 . 40 

MAR/ SE:? 

44.00 
66.30 

A?R/O CT 

51.10 
52.60 

A- 10 
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~AY / :WV 

60.50 
3 s . .:;.o 

JUtl / 2ZC 

70.20 
32. '30 
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AVERAGE ANNUAL TOTALS (AND STD. DEVIATIONS) FOR 81 TP.ROUGH 87 

- ------------------------------::::~~~~~~~2::::---:~~~::~~:2:---~~~~~~~-

• 

PRECIPITATION 7.21 ( 2.016) 17116. 100.00 

RUNOFF 0.000 0.000) 0. 0.00 

EVAPOTRANSPIRATION 6.824 1. 641) 16193. 94.61 

LATERAL DRAINAGE FROM 0.4265 0.5201) 1012. 5.91 
LAYER 3 

?ERCOLATION FROM LAYER 4 0.0000 0.0000) 0. 0.00 

PERCOLATION FROM LAYER 5 0.0116 0.0000) 27. 0. 16 

*********************************************************************** 

['.. 

*********************************************************************** 

PEAK DAILY VALUES FOR 

PP..ECI?ITATION 

RUNOF? 

LATERAL DRAINAGE FROM LAYER 3 

PERCOLATION FROM LAYER 4 

HEAD ON LAYER 4 

PERCOLATION FROM LAYER 5 

HEAD ON LAYER 5 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL / VOL) 

81 THROUGH 

(INCHES) 

0.93 

0.000 

0 . 02 58 

0.0000 

0.0 

0.0002 

0.0 

1. 15 

87 

0.2586 

0.0849 

( CU. FT. ) 

2206.8 

61 . 3 

0.0 

0.5 

2733.4 

***********************************************************i*********~* 
***************************************************~******************* 
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KAISER ENG/NEER.c= 
HANFORD 

Page No. of 7 

-------
DESIGN ANALYSIS 

Rev,s,on __ 0 ____ _ 

. Cl ient Westinghouse Hanford Company WO/Job No. ER9089 

Date 01-25-89 

DOE/ RL 88-27 . 
Rev. 1, 01 / 17/ 90 

. su~e~ Grout Treatment Facility Closure Cover 

Universal Soil Loss Equation 
Location 218-E-16 

OBJECTIVE 

By RG Hollenbeck 
Checked --: , . . ·- .- l By 

. -.. 

Revised Bv 

Determine annual soil loss of the closure cover due to erosion using the 
Universal Soil Loss Equation (USLE). 

CRITERIA 

Maximum annual soil loss permitted for a disposal site is 2T/ acre . (Ref 4) . 

REFERENCES 

1. Design and Construction of Covers for Solid Waste Landf i lls . 
R. J. Lutton, G. L. Regan, and L. W. Jones. U. S. Environmental Protect i on 
Agency . August, 1979. 

2. Report of Geotechnical and Corrosion Investigation. Dames & Moore . 
October 10, 1988. 

3. Erosion and Sediment Control Handbook. S. J. Goldman , 
K. Jackson Taras Bursztynsky 

4. Draft Guidance Document: Landfill Design , Liner Systems . and Fi na l 
Covers. U.S . Environmental Protection Agency. July, 1982. 

ASSUMPTIONS 

Straw mulch will be tacked down over the cover for the f i r st year. Pe renn i al 
grasses will be seeded in the late fall at the end of the fi rst ye ar . 

CONCLUSIONS 

First year soil loss is 0. 22 T/ acre and 0.96 T/ acre for eac h yea r t he rea ft er. 
These values are far below the RCRA maximum of 2 T/ acre . 

8829 . ER.1883 8- .~ 
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K AISER ENGINEER!: P N 2 of -age o. _____ _ 

H ANFORD 

DESI GN ANALYSIS 
0 Revis ion ______ _ 

Cl ient Westinghouse Hanford Company 
DOE/RL 88-27 

WO/Job No. ER9089 Rev. 1, 01/ 17 /90 
Subject Grout Treatment Faci 1 i ty Closure Cover Date 01-25-89 By RG Hollenbec k 

Universal Soil Loss Equation Checked ~ ( - ·--t' .. } 

Location 218 -E - 16 

CALCULATIONS 

Revised 

Universal Soil Loss Equation 

A= RKLSCP 

By .. . ,, . -: ~· 

Bv 

wh ere A = average soil loss, in t ons per acre , for the t i me period used 
for factor R (e.g ., annual) 

R = rainfall and runoff erosivity index 
K = soil erodibil ity factor 
L = slope-length fa ctor 
s = slope-steepn ess factor 
C = cover/ manag ement factor 
p = practice fa ctor 

R = 15 (Ref 1, Fi g 59) 
% sand (.10 to 2 mm) = 8% (Ref 2, Plate B-7) 
% silt and very fine sand (> . l mm) = 92% (Ref 2, Pla te B- 7) 
% organics= 1% (typically <2% for this area ) 
soil structure rating = 2 (f i ne grgnular, Ref 1, Fig 60) 
permeability rating= 5 (1.3 x 10- , Ref 2, Plate B- 3) 
K = .675 (Ref 1, Fig 60) 
LS= .11 (first year) , .19 (after first year ) (Ref 1. ab e 28) 
C = . 2 (first year straw mu l ch ), .5 (after first yea r. 20% 1,<1 hea tgra ss 

coverage) ( Ref 3 Page 5. 23 ) 
P = 1 (Ref 1, Table 30) 

A= 15 X . 67 5 X .11 X . 2 X 1 
A= 15 X .675 X . 19 X .5 X 1 
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.22 Tons / Acre (first yea r ) 

.96 Tons / Acre (aft er first year ) 



KAISER ENGINEERc::: Page No. of 3 -------HAN!=DRD 

DESIGN ANALYSIS 
Rev1s1on __ ..;;0 ___ _ 

DOE/RL 88-27 
_c1_ie_nt ____ w .... e .... s ... t .... i ... n_q .... h o..._y.._s .... e......._H_,a..._n ..... f..,.o __ r.;.d__,C o""m .... o .... a._n;...i.y ______ w_o_1J_o_b_N_o_. _ .... E .... R...,.9"""0 .... 8..,.9 __ Rev . 1 ' 01/ 17 /9. 

Sub1ect Grout Treatment Facility Closure Cover Date 01-25-89 8 v RG Holl en beck 

Wi oct Erosion Fquat; on Checked - , ·- ... ~ , By 

Location 218- E _ ] 6 Revised Bv 

OBJECTIVE 

The closure cover is placed over the grout vaults soon after f illi ng 
operations are completed. The closure cover must remain intact to minimize 
the generation of leachate from infiltration thereby reducing long-term 
discharge of pollutants to the groundwater . These calculations will est im ate 
annual loss of soil in the cover from wind force. 

CRITERIA AND SOURCE 

Wind Erosion Equation 

Hanford Cl imate 
Wheatgrass cover 

ASSUMPTIONS 

No wind barriers will be present 

METHODS TO BE USED 

Hand calculation of the Wind Erosion Equat i on 

REFERENCES AND SOURCES 

1. Des ign and Construction of Covers for So li d Waste La ndf i l l s. R. J. Lut to n. 
G. L. Regan, and L. W. Jones . U.S. Environmenta l Protect i on Ag ency. 
August 1979. 

2. Draft Guidance Document. Landfill Des ign , Li ner Sys tems. and Fin al 
Covers. U.S. Environmental Protection Agency. J ul y 1982 . 

3. Geotechnical and Corrosion Investigat i on , Grout Vaults, Hanford . WA . 
Da~~s & Moore , October 1988. 

4. H-1-77589 Sh 1, Rev. 0, Closu re Cover Plan and Sect ·o ns. 
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Sub1ect Grout Treatment Facility Closure Cover Date 01-25-89 By RG Hollenbec'.-: 

Wind Erosion Equation Checl<ed • I By 

Location 218-E-16 Revised Bv 

5. H-1-77574 Sh 1, Rev : 0, Site Plan. 

6. How to Control Wind Erosion, Agriculture Informat i on Bullet in No. 354. 
U.S. Department of Agriculture, Washington DC, 1972. 

7. Protective Barrier Materials Analysis: Fine Soil Site Character iz at ion. 
G. V. Last , M. A. Glennon, M.A. Young, and G. W. Gee. Pac ific Northwest 
Laboratories, November 1987. 

CALCULATIONS 

where K' = 
T' = 
CI = 

a soil 
a soil 

Wind Erosion Equation 

A' = f(K', C', L', T' , V') 

erodibility index 
ridge roughness factor 

a climatic factor 
L' = the field length along th e prevailing wind 
V' = an equivalent quantity of vegetat iv e cover 

K' Soil Erodibility Index 

Fraction > .84 mm= 1% (Con servat ive) (Ref 7) 
Erodibility Factor= 250 T/ acre (Ref 1, Fig 69) 
Windward knoll slope= 0.5% (Ref 4) 
Soil loss = 100% (Ref 1, Fig 70) 
K' = 250 T/ acre x 100% = 250 T/ acre 

C' Climatic Factor= 25% (March ) 
9% (Oct) (Ref 1, Fig 68) 

T' Soil Ridge Roughness Factor 

Soil ridge roughness - l" 
T' = .6 (Ref 1, Fig 71) 
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• Subject Grout Treatment Facility Closure Cover Date 01-25-89 By RG Hol l enbeck. 
Wind Erasion Eq11ation Checked ' :: - · - · By 

. Location 21 8 - E _ 1 6 Revised 9v 

L' Field Length Factor 
Worst case length is diagonal length of cover over all vaults= 1600 ft 
( Ref 5) 

A'1 = K' = 250 
A'2 = A'1 T' = 250 x .6 = 150 
A' 3 = A' 2 C' = 150 x .25 = 37 . 5 (March) 
A'3 = A'2 C' = 150 x .09 = 13.5 (Oct) 
A1 4 = A'3 f(L ' ) = 37.5 (M arch) (Ref 1, Fig 72) 
A'4 = A3 f(L ' ) = 13.5 (Oct) (Ref 1, Fig 72) 

V' Vegetative Cover Quantity 

Actual cover= 750 lb/acre (Ref 6) 
V' = 6000 lb/acre (Ref 1, Fig 73, standing stubble) 
A' 5 = A' = A' 4 f(V') 
A' = 1.6 T/ acre/year (March) (Ref 1, Fig 74) 
A' = 0.23 T/ acre/year (Oct) (Ref 1, Fig 74) 

yearly soi l loss due to wind= . 5(1 .6 + 0.23) = 0.92 T/ acre 

The sum of wind and water erosion is: 

0.92 + .22 = 1.14 T/ acre for first year 
0.92 + .96 = 1.88 T/acre/ year after first year 

FINDINGS AND CONCLUSIONS 

EPA recommended maximum allowable erosion loss is 2 ton / year. Ca lc ul ated 
soil loss from wind and water erosion is 1.88 = 94% of al lowable . 

2.00 
From Fig 69 of Ref 1 it is clear that a small ch ange in the frac tio n < .34 mm 
results in a large change in soil l oss . A conservative value for the f rac t i on 
< .84 mm was used, therefore actual soil loss should be much l ess t han t he 
calculated value . 
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~ NOT COMPLETE WITHOUT 
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SECTION 01300 

SUBMITTALS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

DOE/RL 88-27 
Rev. 1, 01/17/90 

1.1.1 This Section su11111arizes submittals required in Part 1 of each 
section of this Specification. It explains type of submittals required, 
and describes procedures for submittals and review. 

1.1.2 Submittals required in Part 1 of each section are su11111arized in 
Schedule of Submittals. Each submittal is identified by Submittal Number, 
Reference Section, and Title. Submittals are required for either Review and 
Approval or Review for Record. 

1.1.2.1 Submittals requiring Review and Approval are those which shall 
receive approval before procurement, fabrication, or construction is started. 

1.1.2.2 Submittals requiring Review for Record are those which Contractor 
may proceed with procurement,- fabrication, construction, or acceptance 
testing, but acceptance is contingent upon compliance with Drawings and 
Specifications. 

1.1.3 Supplemental Submittals are initiated by Contractor in accordance 
with Section 01630 for consideration of substitute products or corrective 
procedures and require Review and Approval. 

1.2 SUBMITTAL PROCEDURES 

1.2.1 Transmit submittals to KEH by Data Transmittal form. 

1.2.2 Identify each submittal by Submittal Number, Reference Section, 
and Title noted in the Schedule of Submittals. Number of copies required 
for retention by KEH are shown in Schedule and include 2 copies to be 
returned to Contractor . Additional copies required for Contractor uses 
sha 11 be added. 

1.2.3 Review each submittal for completeness, compliance with Contract 
Documents , and proper identification before sending to KEH. Submittal data 
shall either be stamped showing review process has taken place or Data 
Transmittal form may be signed with statement of "Reviewed for Compliance." 
Submittals not stamped or signed to show review will be returned without 
consideration. 

1.2 . 4 Submittals requiring Review and Approval will be stamped by KEH 
and marked "Approved", "Approved with Exception," or "Not Approved, Revise 
and Resubmit." Approval of submittals does not relieve Contractor of 
responsibility for errors which may be conta i ned therein . 

71401300.SPS.2010 01300 - 1 
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DOE/RL 88-27 
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1.2.4. 1 Approved submittals are ident i f i ed by submittal stamp with 
"Approved" or "Approved with Exception" box checked. "Approved" signif ies 
general concurrence to achieve conformance with design concept of Project 
and compliance with requirements of Contract Documents. "Approved with 
Exception" signifies general concurrence with noteworthy comments or • 
clarifications. Approval of submittals does not relieve Contractor of 
responsibility for errors contained therein. Approval of specific item 
shall not be construed as approval of system or assembly of which item is a 
component. 

1.2.4.2 A submittal which is not approved is identified as "Not Approved, 
Revise and Resubmit." Submittal is considered by KEH to be technicalli 
deficient or incomplete and therefore, unacceptable. Resubmittal is 
required, hence fabrication, procurement, or performance of procedures shall 
not proceed. 

1.2.4.3 Upon receipt of deficient submittal data, Contractor shall make 
· corrections noted on transmittal and resubmit data to KEH within 10 calendar 

days. 

1.2.5 Materials and equipment fabricated or installed without required 
approved submittals, or which differ from approved Drawings or vendor data 
are subject to rejection and replacement at Contractor's expense. 

1.2.6 Delays arising out of Contractor ' s failure to submit in timely 
manner required Drawings and other related data described in Contract 
Documents shall not constitute excusable delays for extensions, unless 
excusable under other provisions of Contract. Contractor shall allow 15 
calendar days for KEH review and disposition of submittals, including shop 
drawings and vendor information, required to be furnished by Contractor. 
Time period will be measured from date of receipt of submittal in KEH ' s 
office to date of return mailing to Contractor. 

1.2.7 Contractor is responsible for dimensions to be confirmed and 
cor'related at worksite. 

1.2.8 Submittals for Review and Record will be reviewed and filed . 
Incomplete or inaccurate data will be returned to Contractor marked 
"Resubmit" with appropriate comments, and items procured or work performed 
shall be corrected. 

1.2.9 Supplemental Submittals shall contain sufficient data required in 
Section 01630 to show substantial compliance with Drawings and 
Specifications. Substitute product submittals shall contain as minimum , 
outline dimensions, operating clearances, and engineering data. Identify 
each submittal by Specification Section number and Paragraph number or 
referenced Drawing number and detail. Improperly identified or incomplete 
submittals will be returned without consideration . 

1. 2.10 Procedures for performing certain items of work are requ i red to be 
submitted for Review and Approval before work i s commenced . Those work 
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procedures which have been approved by KEH for work similar to that to be 
accomplished on Project may not need to be reapproved. Forward 1 copy of 
previously approved procedure to KEH by Data Transmittal form and identify 
by Submittal Number, Reference Section, Title, and either Contractor's 
procedure number or project number for which procedure was approved. 
Submittal will be reviewed by KEH and if acceptable retained for record. If 
previously approved procedure is not acceptable submittal will be returned 
with requirements for resubmittal. 

1.3 SCHEDULE OF SUBMITTALS 

Submittal 
Number 

Submittal 
Title Quantity 

CONTRACT GENERAL CONDITIONS 
55.2 Safety Program and 5 

Job Safety Analysis 

55.3 Industrial Injury/ 5 
Illness Experience 

55. 5 .1 OSHA Form No. 200 5 
Report 

55.6 Equipment Certification 5 

PROGRESS SCHEDULES 
01310/1.2.1 Progress Schedule 5 

CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 
01500/1. 2 .1 Anchoring and Enclosure 10 

Methods 

EARTHWORK 
02200/1.2.1 Method to Prevent Damage 10 

During Excavation 

02200/1.2.2 Gravel Laboratory Reports 10 

71401300.SPS.2010 01300 - 3 
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Review and 
Approval 

5 days before 
start of work 

10 days after 
notice of 
award 

Before placing 
field office 

Before 
excavation 

Before 
delivery 

Review 
For Record 

5 days 
before · 
start of 
work and 
each month 

5th working 
day, each 
month 

2 days 
before 
bringing 
equipment 
on site 
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Submi tta 1 Submi tta 1 
Number Title Quantity 

EARTHWORK (Continued) 
02200/1.2.3 Method of Mixing Soil/ 10 

Bentonite 

02200/1. 2. 4 Test Fill Reports 10 

02200/ l. 2. 5 Manufacturer's Data 10 

02200/1 . 2.6 Certificate of 10 
Conformance 

PLASTIC MEMBRANE LINERS 
02754/1.2.1 Installation Drawings 10 

02754/1. 2. 2 Installation Procedures 10 

02754/1.2.3 Manufacturer's Data 10 

02754/1. 2. 4 Samples 10 

02754/1. 2. 5 Certified Material Test 10 
Reports (CMTR) 

02754/1.2.6 Care and Repair 10 
Instructions 

02754/1.2.7 Certificates of 10 
Experience 

02754/ 1.2.8 Manufacturer's Qua 1 ity 10 
Control Plan 

02754/1. 2. 9 Certification 10 

71401300.SPS.2010 01300 - 4 

APP l lA-47 

Rev. 
DOE/RL 88-27 

1, 01/17/90 

Review and Review 
Approval For Record 

Before 
mixing 

Before placing 
soil /benton ite 
mix in cover 

Before 
fabrication 

At time of 
delivery 

Before 
delivery 

Before 
installation 

Before 
fabrication 

Upon complet i on 
of fabrication 

Before 
delivery 

Before 
acceptance 

Before notice 
to proceed 

5 days after 
notice of award 

Before 
acceptance 
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PART 2 - PRODUCTS 

Not Used 

PART 3 - EXECUTION 

Not Used 
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PART 1 - GENERAL 

SECTION 01720 

PROJECT RECORD DOCUMENTS 

1.1 REFERENCES: Not Used 

1.2 SUBMITTALS: Not Used 

1.3 RECORD REQUIREMENTS 

DOE/RL 88-27 
Rev. 1, 01/17/90 

1.3.1 The nature of work at the Hanford Site requires certain 
documents, defined herein, be held to record construction process and 
administration of the Contract. KEH will assemble pertinent data for final 
disposition. Contractor shall prepare, preserve, and deliver project record 
documents to KEH required by this Contract. Documents are in addition to 
submittals required in Section 01300. 

1.3.2 Mark project record documents to identify copies for record and 
to prevent use for construction. Keep record copies of construction 
documents in field office and make available to KEH during the progress of 
the Work. 

1.3.3 Some data required for project records shall be delivered to KEH 
during course of construction and contract administration, while other 
shall be assembled after completion of construction for delivery to KEH. 
Document delivery by retaining copy of reports delivered during course of 
work until construction completion, retaining copy of letter of transmittal 
itemizing delivered items, or other means acceptable to KEH . 

1.4 PROJECT RECORD DOCUMENTS 

1.4.1 General : Documents required for project records are itemized 
herein. Identify complete documents by Title or Number. Notes or markings 
added by hand shall be legible utilizing permanent nonsmearing marking 
media, such as ink or felt tip markers, in contrasting color. 

1.4.2 Contract Documents: Keep 1 set in field office, apart from 
documents used in construction, and maintain in clean, dry, and legible 
condition. Legibly mark items to record actual construction , including 
changes to dimensions and details, manufacturer's name, catalog number, and 
substitute products. 

1.4.3 Certified Payrolls: Each week deliver certified payrolls , · 
required by Section 108 of the Contract General Conditions , with KEH. 
Progress payments will not be processed unless certified payrolls for work 
period have been received by KEH. 

1.4.4 Weekly Manpower Report: Complete weekly manpower reports daily 
and submit weekly, before 10:00 a.m. on Monday for previous week, during 
performance period of the Contract. Forms will be furnished by KEH . 

71401720.SPS.2008 01720 - 1 
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1.4.5 Survey Notes: Deliver notes, specified in Section 01050, to KEH. 

1.4.6 Backfill Permit: Retain backfill permits approved for work 
required in Section 02200. 

1.4.7 Soil Compaction Procedure: Retain Form KEH-382 completed for 
work required in Sections 02200. 

1.4.8 Soil Tests: If Contractor elects to test any soil or to have 
independent test performed, copies of tests shall be given to KEH. 

1.4.9 Field Seam Tests: Provide documentation required in 
Section 02754, Paragraph 3.3.3. 

1.4.10 Product Samples and Manufacturer's Instructions: In addition to 
submittal required in Section 01300 and requirements of this Section, 
information received by Contractor from suppliers that can document products 
used and how they were installed shall be forwarded to KEH for Project 
Records. 

PART 2 - PRODUCTS 

Not Used 

PART 3 - EXECUTION 

Not Used 
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PART 1 - GENERAL 

1.1 REFERENCES 

SECTION 02200 

EARTHWORK 

DOE/RL 88-27 
Rev. 1 , 01/ 17 /90 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of this 
Section to extent designated herein. 

1.1.1.1 American Society for Testing and Materials (ASTM) 

C 33-86 

C 294-86 

C 295-85 

D 421-85 

D 422-63 (1972) 

D 1117-80 

D 1682-64 (1975) 

D 1777-64 (1975) 

D 3776-85 

D 3787-80a 

71402200.SPS.1894 02200 - 1 
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Standard Specification for 
Concrete Aggregates 

Standard Descriptive 
Nomenclature for Constituents 
of Natural Mineral Aggregates 

Standard Practice for 
Petrographic Examination of 
Aggregates for Concrete 

Standard Practice for Dry 
Preparation of Soil Samples 
for Particle-Size Analysis and 
Determination of Soil Constants 

Standard Method for Particle
Size Analysis of Soils 

Standard Methods of Testing 
Nonwoven Fabrics 

Standard Test Methods for 
Breaking Load and Elongation 
of Textile Fabrics 

Standard Method for Measuring 
Thickness of Textile Materials 

Standard Test Methods for Mass 
Per Unit Area (Weight) of Woven 
Fabric 

Standard Test Method for 
Bursting Strength of Knitted 
Goods--Constant-Rate-of-Traverse 
(CRT) Ball Burst Test 

B-714-CS 
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Standard Test Method for Liquid 
Limit, Plastic Limit, and 
Plasticity Index of Soils 

Standard Test Methods for Water 
Permeability of Geotextiles by 
Permittivity 

Standard Specification for 
Wire-Cloth Sieves for Testing 
Purposes 

1.1.1.2 Washington State Department of Transportation (WSDOT) 

M41-10-88 Standard Specifications for 
Road, Bridge, and Municipal 
Construction 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2.1 Method to Prevent Damage During Excavation: Submit procedure 
proposed to prevent overstressing existing structures or interrupting service 
to existing facilities. 

1.2.2 Gravel Laboratory Reports: Submit reports from independent 
laboratory showing following. 

1.2.2.1 Proposed aggregate source will produce gravel classified as 
igneous or metamorphic rock in accordance with ASTM C 294. Examine aggregate 
in accordance with ASTM C 295. 

1.2.2.2 Gravel meets the requirements of ASTM C 33 and this Section. 

1.2.3 Method of Mixing Soil/Bentonite: Submit proposed method to 
achieve uniform mix at specified water content for constructing test fill. 

1.2.4 Test Fill Reports: Submit reports showing results of test fill 
soil tests. Include documentation required in subparagraph 1.3.1.2. 

1.2.5 Manufacturer's Data: Provide data defining physical properties 
of geotextile material. As minimum, properties shall meet the requirements 
of subparagraph 2.1.4.5. 

1.2.6 Certificate of Conformance: Submit legible certificate from 
supplier stating that bentonite furnished meets the requirements of 
subparagraph 2.l.4.2a. 

1.3 QUALITY ASSURANCE 

1.3.1 Test Fill: Construct to demonstrate to KEH that equipment, 
procedures, and mix ratio meet compaction and permeability requirements . 

71402200.SPS.1894 02200 - 2 
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1.3.1.1 Mix materials with pug mill. 

DOE/Rl 88-27 
Rev. 1, 01 / 17/90 

a. Use 15 percent bentonite and 85 percent specified soil, 
mixed and compacted 2 percent dry of optimum moisture content. 

b. Lifts not to exceed 6 inches in depth before compaction. 

c. Compact lifts to 92 .percent of maximum density. 

1.3.1.2 Document construction of test fill including, as minimum, test 
fill number, thickness of each lift, equipment and procedures used for 
measuring, mixing, hauling, spreading and compacting materials. 

1.3.1.3 Perform 3 each of following tests on each lift of compacted 
soil/bentonite mix. 

a. Particle-size analysis: In accordance with ASTM D 421 and 
D 422. 

b. Liquid limit, plastic limit, and plasticity index: In 
accordance with ASTM D 4318. 

1.3.1.4 Perform permeability test, in accordance with method described in 
"Field Measurement of Infiltration Rates Using a Sealed Double-Ring 
Infiltrometer" by S. J. Trautwein, on completed test fill. Maximum allowable 
permeability is lOE-7 cm/sec. 

1.3.1.5 Compaction and moisture content tests will be performed by KEH. 

1.3.1.6 Substitution of original pug mill spreading or compacting 
eq~ipment , not of same type used for test fill, requires reconstruction of 
test fill and retesting to verify substitution yields acceptable results. 

1.3.1.7 If permeability or density tests fail, construct and test 
additional test fill using mix ratio and procedures modified by KEH. ·Repeat 
until permeability and density tests pass. 

1. 4 

1. 4 . 1 

1.4.1.l 

DELIVERY, STORAGE, AND HANDLING 

Geotextiles 

Delivery 

a. During shipment and storage, wrap in heavy-duty protective 
covering to prevent damage. 

b. Inspect materials, delivered to site , for damage . If 
damaged, set aside and do not use. Do not remove material ident i f i cat i on 
1 abe l . 

71402200.SP5.1894 02200 - 3 
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1.4.1.2 Storage 

OOE/ RL 88-27 
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a. Unload and store with minimum of handling . 

b. Do not store materials on ground. 

c. Storage area shall protect materials from mud, soil , dust, 
debris, ultraviolet light, heavy winds, temperature extremes, and 
precipitation. 

d. If temporarily outdoors, place on pallet and protect from 
direct rays of sun under light colored heat-reflective opaque cover in manner 
to provide free air flowing space between materials and cover. 

1.4 . 1.3 Handling: Handle materials to ensure sound, undamaged condition . 

PART 2 - PRODUCTS 

2.1 MATERIALS 

2.1.1 General: Obtain select soils from excavation or other designated 
locations. Obtain on-site approval for soils. 

2.1.2 Structural Fill or Backfill : Well graded soil mixtures which may 
contain cobbles up to 3 inches in greatest dimension if uniformly distributed 
and not constituting more than 20 percent of volume of f i ll. 

2.1.3 Stabilization: Gravel, specified in WSOOT M41-10, 
Section 9-03.9(3), Base Course Classification. 

2 .1.4 Closure Cover 

2.1 .4. 1 Gravel: Composed of crushed stone or gravel aggregates class i fied 
in ASTM C 294 as either igneous or metamorphic rocks, and meet i ng following 
requirements. 

a. Limits for deleterious substances and physical property : 
Class 5S in accordance with ASTM C 33 , Table 3 except footnote D does not 
apply . 

b. Grading: Amounts finer than each laboratory sieve (square
openings}, weight percent. 

Nominal Square Opening 
Sieve Size 

71402200 . SPS . 1894 

1 in. 
3/4 in. 
3/8 in . 
No. 4 
No. 8 
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Percent 

100 
85 to 95 
45 to 55 
20 to 25 
0 to 10 
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a. Bentonite: Sodium montmorillonite clay meeting following 
minimum standards. 

1) Free swell: 2 gms to 16 cc when added to 100 ml of 
distilled water in graduated cylinder . 

2) Colloid content: 85 percent, minimum. 

3) Fineness: Less than 20 percent retained on 20 mesh 
screen and less than 20 percent passing 200 mesh screen. 

b. Soil: Sandy silt, obtainable within 17 miles of vault site, 
having following gradation. 

ASTM E 11 Sieve 
Designation 

No. 4 
No. 60 
No. 200 

Percent Passing, 
Bv Weight 

100 
More than 90 
More than 50 

2.1.4.3 Filter sand and sand bedding: Sand, defined in ASTM D 653 having 
following gradation. 

ASTM E 11 Si eve 
Designation 

No. 4 
No. 8 
No. 16 
No. 30 
No. 50 
No. 100 
No. 200 

Percent Passing, 
Bv We ight 

100 
80 - 95 
55 - 80 
30 - 50 
15 - 30 
0 - 15 

0 

2.1.4.4 Top soil: Obtain from borrow areas designated by KEH within 
17 miles of vault site. 

2.1.4.5 Nonwoven geotextile: Long-chain synthetic polymer composed of at 
least 85 percent, by weight, polypropylene and containing stabilizers and 
inhibitors added to base plastic to make filaments res i stant to deterioration 
due to ultraviolet and heat exposure. Geotextile sha l l be composed of contin
uous geotextiles held together through needle-punching. Seal or otherwise 
finish edges of fabric to prevent outer material from pulling away from 
fabric , or ravelling. Geotext i le shall meet following requirements. 
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Property Test Method 

Fabric Weight (oz/sq yd, min) ASTM D 3776 

Thickness (mil, min) 

Grab Tensile Strength 
(lbs/min.) 

Grab Elongation (%, min) 

Coefficient of Water 
Permeability (cm/sec, min) 

Puncture Strength 
(lbs, min) 

Tear Strength 
(lbs, min. trapezoidal) 

Equivalent Opening 
Size (EOS), US Sieve 

Minimum Width (ft) 

PART 3 - EXECUTION 

3.1 EXCAVATION 

ASTM D 1777 

ASTM D 1682 

ASTM D 1682 

ASTM D 4491 

ASTM D 3787 

ASTl'-1 D 1117 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Values 

10 

70 

200 

30 in any 
pri nc i pal · 
direction 

0.2 

100 

100 in any 
principal 
direction 

100-140 in 
accordance with 
ASTM E 11 

12 

3.1.1 Obtain excavation permit before performing excavation. 

3.1.2 Locate and expose underground utilities by hand tools. Use of 
heavy equipment and machinery is subject to approval of KEH. 

3.1.3 Shore excavations more than 4 feet deep and with sides sloped 
steeper than 1-1/2 horizontal to 1 vertical. Install shoring as excavation 
progresses and remove as backfilling is accomplished. 

3.1.4 Do not store excavated or other material closer than 2 feet from 
edge of excavation unless barrier is erected to retain excavated materials. 
Store and maintain materials in manner that they are prevented from falling 
or sliding into excavation. 

3.1.5 Wherever slopes of excavations will intersect existing underground 
lines or structures such as building foundations, underground piping, 
electrical ducts or direct buried electrical lines, install shoring or other 
means of support to prevent overstressing existing structure or underground 
lines or to prevent interrupting service to existing buildings. 
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• 3.2 

3.2.l 

3.2.1.1 

INSTALLATION 

Fill and Backfill 

General 

DOE/RL 88-27 
Rev. l, 01/17/90 

a. Backfill Permit: Obtain signatures required on backfil 'l 
permit for each element to be filled or backfilled. Work not started within 
5 calendar days from time permit is approved shall not be started until new 
permit has been approved. A continuing job that has not had backfill 
installed within past 5 calendar days will require new backfill permit. 

b. Remove debris and organic matter from area to be filled or 
backfi 11 ed. 

c. Use only select materials for fill or backfill. Keep 
materials free of frozen particles, lumps, organic matter and trash . 

d. Do not place fill or backfill on frozen ground. 

e. Filling or backfilling by sluicing or flooding with water 
will not be permitted. 

3.2.1.2 Structural 

a. Before placement of fill or backfill, demonstrate, to KEH 
by physical test at site, that procedure proposed for installation and 
compaction of soils will provide degree of compaction specified. Prepare 
"Soil Compaction Procedure" Form KEH-382 (sample appended) in accordance 
with printed instructions. Forms will be furnished by KEH. 

b. Place backfill in accordance ~ith WSDOT M41-10, 
Section 2-03.3(14)C and approved procedure using Method C. 

3. 2.2 

3. 2. 2 .1 

Section 

Section 

3. 2. 2. 2 

Closure Cover 

Gravel 

a. Place and 
4-04.3 ( 4) . 

b. Shape and 
4-04.3 ( 5) . 

Soil/bentonite 

spread in accordance with WSDOT M41-10, 

compact in accordance with WSDOT M41-10, 

mix 

a. KEH will review test fill documentation and soil test result s 
to determine mix ratio, soil parameters, and procedures for mixing, hauling , 
and spreading. 
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b. Perform same tests required in subparagraph 1.3.1.3 on 
material to be used for each lift. 

c. Obtain test results and approval from KEH for each lift 
before placing material. KEH will perform compaction and moisture content 
tests. 

d. Mix, spread, and compact in accordance with approved 
submittal. 

e. Remove and remix lift areas that fail to meet compaction or 
moisture content test requirements. Replace, recompact, and retest until 
compaction requirements are met. 

f. Areas to be replaced or reworked include location where test 
failed and extend to edge of lift or to location where test passed, whichever 
is closest. 

3.2.2.3 Filter sand and sand bedding: Place and compact in accordance 
with subparagraph 3.2.1.2. 

3.2.2.4 Top soil: Place and compact in accordance with 
subparagraph 3.2.1.2 except top lift shall not be compacted. 

3.2.2.5 Geotextile 

a. During unrolling of material, visually inspect surfaces. Do 
not use material showing defects, ribs, holes, flaws, deterioration, or other 
damage. 

b. Climatic conditions while handling material: Within following 
limits. 

1) Temperature: 40 to 140 F. 

2) Winds: 15 mph maximum. 

c. Lay smooth and free of tension, stress, folds, wrinkles, or 
creases, and provide minimum 12 inch overlap for each joint. 

d. Measure overlap joints and seams as single layer of cloth. 

e. Use bags of clean washed gravel to secure material during 
installation. Do not use securing pins. 

f. Protect material during construction from contamination by 
surface run-off. 

3.2.3 Finish Grading and Stabilization 

3.2.3.1 Remove surface stones larger than 6 inches and dispose of excess 
material and debris at area designated by KEH. 
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3.2.3.2 Stabilize unseeded area disturbed by work wi th 3 inch course of 
gravel meeting the requirements of Paragraph 2.1.3 . Finish stabilization 
course to elevations shown on the Drawings. 

3.3 FIELD QUALITY CONTROL 

3.3 . 1 So il Compaction Tests: Sampling and testing of compacted f i l l and 
backfil l wi ll be performed by KEH. 
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B 

Rev. 
SOIL COMPACTION PROCEDURE 

Pro1ect No. Pro1ec:t Title Date 

Contract No. Procedure No. Location of D!!monstranon 

REQUIREMENTS EQUIPMENT DEMONSTRATED 

Aoplicable 
Spec./Dwg. 

Compaction Required 

Max imum Lift Size 

0 Non-granular Materials 
(WSDOT Test Method No . 6091 

Formula for Percent Compaction : 

Type 

Manufacturer 

Model 

!..ABORATORY SOIL TEST RESULTS 

0 Granular Materials 
(WSOOT Test Method No. 606-A) 

COMPACTION DEMONSTRATION TEST RESULTS 

dry density X 100 • Percent Compaction 
max density 

No. of 
Passes 

Depth 
of Lift 

Percent 
Moisture 

Lbs /ftJ 
Drv 

Maximum 
Density 

Percent 
Compaction Accept Reject 

Ci-------+------------+------------------------+-----~ 

Observations or Comments 

TEST METHOD 
USED FOR 

DEMONSTRATION 

Contractor 
Representative 

0 Nuclear Gage 

(ASTh1 02922 
& 03017) 

0 Sand Cone 

(ASTM 01556) 

Apparatus No. _______ _ 

0 Other 

D,rn~ 

Dt-------+----------------------~-----Date Government 
Representative APP llA-60 
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INSTRUCTIONS 

This Soil Compaction Procedure form, when approved by the Government Repre
sentative, constitutes an approved compaction procedure. 

Section A is the responsibility of the Construction Contractor. I t 
is to be completed at the t ime of back fi ll compact ion demonstra
tion and presented to the Government Representat ive. 

Section 8 is comp leted by the Government Representative. Data 
entered is obta ined from the agency that performs the laboratory 
test ing. 

Section C is completed by the Government Representat ive as the 
demonstration is performed. Using the appl icab le formu la, the per
cent compaction ach ieved is determ ined and entered. Acceptance 
is based on the results as compared w ith the compact ion percent 
required in Section A . 

Section D is signed and dated by the Construct ion Contractor Rep 
resentative acknowledging responsib ili ty for th is procedure and com

pliance thereto for applicable backfi l l operat ions. Sect ion D is signed 
and dated by the Government Representat ive t o sign i fy approva l. 

END OF SECTION 

02200 - 11 
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SECTION 02754 

PLASTIC MEMBRANE LINERS 

PART 1 - GENERAL 

1.1 REFERENCES 

1.1.l Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein , form part of this 
Section to the extent designated herein. 

1.1.1.1 American Society for Testing and Materials (ASTM) 

D 413-82 (1988) 

D 570-81 

D 638-87b 

D 696-79 

D 746-79 (1987) 

D 751-79 

D 792-86 

D 1004-66 (1981) 

D 1203-86 

D 1204-84 

71402754.SP5.1897 02754 - 1 
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Standard Test Methods for Rubber 
Property--Adhesion to Flexible 
Substrate 

Standard Test Method for Water 
Absorption of Plastics 

Standard Test Method for Tensi l e 
Properties of Plastics 

Standard Test Method for 
Coefficient of Linear Thermal 
Expansion of Plastics 

Standard Test Method for 
Brittleness Temperature of 
Plastics and Elastomers by 
Impact 

Standard Methods of Test i ng 
Coated Fabrics 

Standard Test Methods for 
Specif i c Gravity and Dens i ty 
of Plast i cs by Displacement 

Standard Test Method for Init ia l 
Tear Resistance of Plast i c 
Film and Sheeting 

Standard Test Methods for 
Volatile Loss from Plastics 
Using Activated Carbon Methods 

Standard Test Method for Li near 
Dimens i onal Changes of Nonr i gid 
Thermoplast i c Sheet i ng or Fil m 
at Elevated Temperature 

B-714- C5 
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1.1.1.2 

1.1.1.3 

1.1.1.4 

D 1238-86 

D 1593-81 

D 1603-76 (1983) 

D 1693-70 (1980) 

D 3083-76 (1980) 

E 96-80 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Standard Test Method for Flow 
Rates of Thermoplastics by 
Extrusion Plastometer 

Standard Specification for 
Nonrigid Vinyl Chloride Plastic 
Sheeting 

Standard Test Method for Carbon 
Black in Olefin Plastics 

Standard Test Method for 
Environmental Stress-Cracking 
of Ethylene Plastics 

Standard Specification for 
Flexible Poly (Vinyl Chloride) 
Plastic Sheeting for Pond, 
Canal, and Reservoir Lining 

Standard Test Methods for Water 
Vapor Transmission of Materials 

Environmental Protection Agency (EPA) 

EPA/530-SW-86-031 

Federal Standards (FED STD) 

FED-STD-lOlC, Including 
CHGS NOT 1, And 2 

Method 2065.1 

Technical Guidance Document 
Construction Quality Assurance 
for Hazardous Waste Land Disposa l 
Facility 

Test Procedure for Packaging 
Materials 

Puncture Resistance And 
Elongation Test (1/8 Inch Radius 
Probe Method) 

National Sanitation Foundation (NSF) 

NSF Standard 54-85 Flexible Membrane Liners 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2.1 Installation Drawings: Submit drawings showing lining sheet 
layout with proposed size, number, position, placing sequence, and location 
of field seams. Include details and methods for making field seams. 

71402754.SPS.1897 02754 - 2 
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1. 2.2 Installation Procedure: Submit procedures for installation and 
testing of liner and components. Include list of equipment and amount of 
utilities required, proposed methods for laying liner and components , and 
following. 

1.2 . 2.1 Procedures for welding seams in accordance with manufacturer ' s 
recommendations and this Section. 

1.2.2.2 Method for holding liner sections in place during installation . 

1.2.2.3 Method for examining liner and components, and testing joints , 
seams, welds, and bolt tightening. 

1. 2 .3 Manufacturer's Data 

1.2.3 . 1 Resin: Provide data defining physical properties of high density 
polyethylene (HOPE) resin to be supplied . For each resin batch , test as 
shown in Table 02754-I. Complete testing and submit for review before using. 

TABLE 02754-I 

PHYSICAL PROPERTIES QUALITY CONTROL 

Property 

Specific Gravity (min) 

Melt Flow Index (gr/10 mins , max) 

Volatile Loss (max%) 

Test Method 

ASTM D 792 

ASTM D 1238, condition E 

ASTM D 1203 , Method A 

Va lues 

0.94 

0.3 

0 . 1 

1.2.3.2 Liner: Provide data defining physical properties for hi gh dens i t y 
polyethylene (HOPE) liner to be supplied . As minimum , properties shal l meet 
the requirements of NSF Standard 54. Provide documentation of verif i cat i on 
of physical properties of liner sheets. For each resin batch used. t est 
using parameters defined in subparagraph 2.1.1 . 2 to document mater i al 
properties. Complete testing and submit for review before fabricat i on. 
Submit additional copy of documentation with each panel . 

1. 2. 4 Samples: Submit samples of l i ning material and f i el d seams. 

1.2.4.1 Lining material: Submit 8 inch by 10 i nch samples from same 
batch of l i ner used for construction , and totaling approx imate ly 20 square 
feet. 

1.2.4.2 Field seams: Submit numbered dated samples , measuring 12 inches 
plus seam width in width and 18 inches in l ength , fabricated wit h mate rials 
specified for lining in accordance wi th approved procedures and th is Sec tion, 
and tested in accordance with Paragraph 1.3 . 5. 

1. 2. 5 Certified Material Test Reports (CMTR) : Submit mater i als test 
reports , for each i tem furnished by each suppl i er cert i f i ed by manufact ure rs 

71402754.SPS.1897 02754 - 3 
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of resins and liners, and stating that liner and extrudate are of 100 percent 
virgin materials. Reports shall identify items, show results of chemical 
analysis and physical tests and meet following requirements. 

1.2.5.1 

1.2.5.2 

Raw materials: Table 02754-I. 

Lining material: Subparagraph 2.1 .1.2. 

1.2.6 Care and Repair Instructions: Submit information concerning 
recommended care and repair procedures for liner and components. Include 
recommended shoe types for construction personnel , tools for cleaning and 
removing wind-blown sand and debris, and minimum and maximum temperatures at 
which cleaning, inspecting, and repair operations may be performed. 

1.2.7 Certificates of Experience: Submit "Certificates of Experience " 
from manufacturer and installer showing qualification in accordance with 
Paragraphs 1.3.1 and 1.3.2. Installer shall provide list showing names 
addresses, and telephone numbers for completed projects. 

1. 2 .8 
Project. 

Manufacturer ' s Qual i ty Control Plan: Submit spec i fic plan for 
Plan shall address requirements of Paragraph 1.3.3. 

1.2.9 Certification: Submit cert i ficates of compliance i n accordance 
"' • with paragraph 1.3.6. 

1.3 QUALITY ASSURANCE 

1.3.1 Qualification of Manufacturer: Manufacturer shall have 
successfully manufactured minimum of 5, 000 , 000 square feet of similar lin er 
material for hydraulic lining installations, and be li sted by NSF as mee ting 
the requirements for manufacturing HOPE. Materia l supply sha ll also include 
projects for Resource Conservation and Recovery Act (RCRA) Landfills and 
Surface Impoundments. 

1.3.1.1 Make arrangements with manufacturer for KEH visit to plant before 
manufacture of lining material to ver i fy qual i t y control program , and dur ing 
manufacture to observe manufacturing methods. 

1.3.2 Qualification of Installer: Provide evidence of succes sfully 
installing at least 10 projects, and at least 5,000 , 000 square feet of liner. 
Projects shall include RCRA Landf ill s and Surface Impoundments. 

1.3.3 Manufacturer ' s Quality Control Pl an : Qu ality co nt rol plan to be 
implemented for Project shall be in accordance with EPA/ 530-SW-86- 031. 
Include name of polymer resin supp li er, product identification, acceptance 
testing, fabrication and production testing , documentation of changes , 
retests , and acceptance. 

1. 3. 4 Construction Quality Assurance 

1.3.4.1 Preinstallat i on meeting: Manufacturer and Contractor shall attend 
meeting, initi ated by KEH, before installation of lining to review and discuss 
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training and qualification procedures for Contractor personnel, and 
demonstration of making field welded seams including peel and shear tests. 

1.3.4.2 Manufacturer shall provide onsite technical supervision and 
assistance during installation of lining. 

1.3.5 Qualification of Welds: Before welding liner, provide field weld 
samples using same equipment and procedure to be used for welding l i ner. 
Perform nonqestructive testing in accordance with Paragraph 3.3.1. Perform 
destructive testing in accordance with Paragraph 3.3.2. Entire seam shall 
pass nondestructive tests, and 2 of 3 samples shall pass destructive tests, 
third sample shall attain at least 95 percent of required values. 

1.3.6 Upon completion of work, and as condition of acceptance, deliver 
to KEH 2 copies of certificate signed by authorized agent of manufacturer 
of liner, and cosigned by installer, stating materials and methods used 
meet specified requirements. 

1. 4 DELIVERY, STORAGE, ANO HANDLING 

1.4.1 Pack fabricated pieces and rolls wrapped with sheet of same 
a material in containers supported and padded to prevent damage during shipment. 

Pack containers for minimum handling at site and clearly mark with locat i on 
of installation. Provide label for each roll and prefabricated piece showing 
results of tests in subparagraph 2.1.1.2 and stating name of manufacturer , 
product type , thickness, manufacturers batch code , date of manufacture , 
physical dimensions , panel number or placement of prefabricated pieces 
according to Paragraph 1.2.1 , and directions for unrolling membrane. Do not 
remove labels. 

1.4.2 

1.4 . 2.1 

1.4.2.2 

1. 4.2.3 

Exam i ne lining material s delivered to Si te for : 

Puncture from na il s or spl inters. 

Tears from operation of equipment or inadequate packag i ng. 

Exposure to temperature extremes resulting i n unusab l e mater i al. 

1. 4.2.4 Bonding together of adjacent membrane layers which may be caused 
by excessive heat. 

1.4.2.5 

1. 4.3 

Crumpling or tearing from inadequate packaging support . 

Unload and store with minimum of handling. 

1.4.4 Store materials off ground on padded dunnage in secure area 
sheltered from mud, soil , dirt , debr i s , adverse weather , prec i pi tat i on , 
ultraviolet l ight , heavy winds , and temperature extremes . 

71402754.SPS . 1897 02754 - 5 
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2.1 MATERIALS 

DOE/RL 88-27 
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2.1.1 High Density Polyethylene (HOPE} Liner: Add carbon black, 
antioxidants and heat stabilizers to resin for ultraviolet resistance and 
manufacturing purposes. Supply HOPE as single ply continuous sheet with no 
factory seams and in rolls with minimum 22 foot width. Maximize roll length 
to provide largest manageable sheet for fewest field seams. 

2.1.1.1 Materials similar to those manufactured by Gundle Lining Systems 
Inc, Houston, Texas; or Poly-America Inc, Grand Prairie, Texas. 

2.1.1.2 
values. 

Lining material shall meet following minimum physical property 

Property Test Method 

Thickness (mils ±10%} ASTM D 1593 

Specific Gravity (min} ASTM D 792 

Carbon Black Content (%} ASTM D 1603 

Melt Flow Index (g/10 min, maximum) ASTM D 1238, Condition E 

Tensile Properties (each direction} ASTM D 638, Type IV 
Specimen, 2 ipm 

Values 

60 

0.94 

2 to 2-1 / 2 

0.3 

Tensile Strength at Yield 120 
(lb/in. width, min} 

Tensile Strength at Break 180 
(lb/in. width, min} 

Elongation at Yield (%, min) 10 

Elongation at Break(%, min} 500 

Modulus of Elasticity 80 , 000 
(lbs/sq in., min} 

Tear Resistance (lb, min} ASTM D 1004, Die C 30 

Puncture Resistance (lbs, min) FED-STD-101, Method 2065.1 69 

Low Temperature/Brittleness (F max) ASTM D 746, Procedure B -40 

*Dimensional Stability ASTM D 1204, 212 F 1 hr ±2 
(max% change each direction) 
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Property 

*Volatile Loss (max o/.) 

*Environmental Stress Crack 
(min hours) 

Water Absorption (max% weight 
change) 

Coefficient of Linear 
Thermal Expansion (cm/cm C, max) 

Hydrostatic Resistance (psi, min) 

Mois~ure Vapor Transmission 
(g/m day, max) 

Resistance to Soil Burial 

Change in Tensile Strength 
at Break and Yield (%} 

Change in Elongation at Break 
and Yield (%} 

Bonded Seam Strength, Field 
Tensile min Peal Adhesion , min 

Test Method 

ASTM D 1203, Method A 

DOE/RL 88-27 
Rev. l , 01 / 17/90 

Values 

0.1 

ASTM D 1693, Condition C 750 
(100 C) 

ASTM D 570 0. 1 

ASTM D 696 1.2 X 10-4 

ASTM D 751, Method A-1 490 

ASTM E 96 0. 03 

ASTM D 3083, using 
ASTM D 638, Type IV, 
specimen at 2 ipm 

ASTM D 638 
ASTM D 413 

±10 

90% of 
parent 
materi a 1 
fi 1 m 
tear band 

*Format uses NSF Standard 54, Table 9 for HDPE as guide. However , RCRA 
values for volatile loss, dimensional stability, and environmental stress 
crack have been added . 

2.1.1.3 Resin used for extrudate fusion welding shall be HOPE produced 
from and same as HOPE sheet resin . Physical properties shal l be same as 
HDPE lining sheets . 

2.1.1.4 Liner thickness shall be at least 54 mils at any point on liners . 

2.1.1.5 Fabricate liner from large pieces of sheeting to proper size and 
shape to fit contours of leachate extension pit. Prefabricate corner pieces 
i n factory . Keep field joints to minimum and in accordance with approved 
installation drawings. 

2.1 . 1.6 Liner material will be required for EPA's method 9090 testing . 
There shall be no changes in formulation of liner material once testing has 
begun. 
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2. 2 . 1 

SOURCE QUALITY CONTROL 

Tests 

DOE/RL 88-27 
Rev. 1, 01/17/90 

2.2.1.1 Preparation: Obtain 1 sample from preformed products from each 
form in use each day. Cut sample in half. Keep 1/ 2 for test i ng and del i ver 
remaining half to independent EPA approved laboratory for testing . 

2.2.1.2 Testing: Test samples for thickness, tensile strength at yield, 
and tensile strength at break as specified in subparagraph 2. 1.1.2 except 
values may be reduced by 10 percent. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

3.1 . 1 Before work is started examine sheet rolls for damage from trans i t . 
If damaged set aside. Those that cannot be repaired, shall be rejected. 

3.1.2 Before installation of liner , ensure surface is free of soil 
rocks, standing water or other debris, and provide written documentation to 
KEH that surfaces to receive liner have been inspected and found to be 
acceptable for installatioh. 

3.1 .3 During unrolling'of material , visually inspect sheet surface. 
Mark and repair faulty areas in accordance with approved procedure. Document 
repaired areas on installation drawings by showing locat i on and ident i ty of 
repair crew. 

3.2 INSTALLATION 

3.2 . 1 Climatic Conditions: Within limits given in NSF Standard 54 , 
appendix C while handling, repairing, or seaming plastic sheeting mater i al . 
Maximum wind 15 mph and no prec i pitation or fog. 

3.2.2 Placing: Place fabricated pieces in posit i on shown on approved 
installat i on drawings. Verify preformed pieces fit snugly in position to 
prevent undue stress. Unroll, position, and smooth out folds and wrinkles . 
Allow sheets to relax before splicing. Anchor liner temporarily, in 
accordance with installer's approved procedure, to prevent wind damage unt il 
material i s secured. 

3.2.3 Field Seams: Do not make horizontal welds on vertical surfaces . 
Overlap panels 4 to 6 inches. Ensure liner surface is free of dirt, dust , 
moisture, and deleterious materials before seaming, and climatic conditions 
meet the requirements of Paragraph 3.2.1. 

3.2.3.1 Extrus i on welding: Weld sheeting together using extrudate with 
composition identical to sheet i ng material . 
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3.2.3.2 Fusion welding: Weld sheeting together by producing a double 
seam with an enclosed space. 

3.2 .3.3 Welding equipment shall be capable of continuously monitoring and 
controlling temperature in zone of contact so changes in environmental 
conditions will not effect integrity of weld. 

3.2.3.4 Where "fish mouths" occur, repair area in accordance with 
Paragraph 3.2.4. 

3.2.3.5 "Fish mouths" are not acceptable within seam area. 

3.2.3.6 Traverse entire surface and examine for tears, punctures, and 
thin spots. Replace or repair, in accordance with Paragraph 3.2.4, liner area 
showing out of tolerance injury. 

3.2.3.7 Welds, on completion of work, shall be tightly bonded. 

3.2.4 Damage Repairs: Make repairs to liner by applying piece of 
sheeting, sufficient in size to extend approximately 3 to 6 inches beyond 
damaged area. Make patch round or oval and install using same materials and 
procedures used in making field joints. Do not use cutting tools while 
working on top of installed liner except when cutting destructive test 
samples. 

3.2.4.1 Seam repairs: Repair seam areas represented by failed samples. 
To determine extent of failure area, additional samples may be taken 10 feet 
minimum from either side of failure area. Area to be repaired includes 
failure area and extends in both directions to location where sample passed . 
Document failed seams on installation drawings by showing location and seam ing 
crew identity. 

3.3 

3. 3 .1 

FIELD QUALITY CONTROL 

Nondestructive Testing 

3.3.1 . 1 Test fusion welds in their entirety using air pressure test or 
vacuum box. Pressurize channels between seams to minimum 60 psi , indicated 
by calibrated gage or manometer inserted in channel . Maintain pressure for 
minimum 15 minutes. 

3.3 . 1.2 Vacuum test of extrusion welded seams and repairs. 

a. Equipment: Aluminum frame box with calibrated vacuum gage on 
frame, fitted with sponge gasket on bottom, sealed with transparent Plexiglas 
top, and connected to vacuum pump. 

b. Test: Spread soap solution over seam, press box down over 
seam, and apply 10 inches Hg vacuum, plus or minus 2 i~ches, for minimum 
30 seconds to each portion of seam. If defect is presant, bubble will form 
and indicate area for repair . Test seams and repairs in their entirety. 
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• 3.3.1.3 

3.3.2 

KEH will observe testing and review results. 

Destructive Testing 
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3.3.2.1 Preparation: Obtain samples of field seams at beginning and end 
of each work day, and at 1 or more intervals during day i f seaming conditions 
have been altered. 

a. Use 10 foot long test weld from each welding machine, and mark 
with date, ambient temperature, and machine number. 

b. Take 2 foot long random weld samples from installed welded 
sheeting at rate of 1 sample for each seaming crew for e~ch day. 

c. Cut samples in 2 parts, keep 1/2 for testing and deliver 
remaining half to KEH. 

3.3.2.2 Tests: Test samples for bonded seam strength in accordance with 
ASTM D 3083, and for peel adhesion in ac~ordance with ASTM D 413. 

3.3.3 Documentation 

3.3.3.1 Document field seam test results by marking installation drawings 
with location of sample identification number and label sample with location , 
date, time, crew identity, and machine number. 

Certify test results. 

Deliver documentation to KEH within 7 working days. 

Final Examination and Acceptance 

3.3.3.2 

3.3.3.3 

3.3.4 

3.3.4.1 
liner. 

Measure overlap of seams and verify no damage has occurred to 

3.3.4.2 Prepare record drawings showing field changes. 

3.3.4 .2 Prepare record drawings to KEH within 10 working days after 
completion of liner installation. 

END OF SECTION 
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PART 1 - GENERAL 

SECTION 02900 

LANDSCAPING 

1. 1 REFERENCES: Not applicable. 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.3 DELIVERY AND STORAGE 

1.3.1 Deliver materials to site in undamaged condition. Defective and 
damaged materials shall be replaced. 

1.3.2 

1.3.2.1 

Storage 

Store fertilizer in dry location protected from weather. 

1.3.2.2 Store seeds not to be planted upon delivery, off ground in covered 
area away from sources of moisture. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

2.1.1 Seed: Siberian and Thickspike wheatgrass, or cereal rye. 

2.1.2 Mulch: Long straw free of seeds and weeds. 

2.1.3 Fertilizer: Nonburning, slow release, formula 16-8-8. 

PART 3 EXECUTION 

3.1 PREPARATION 

3.1.1 Clear and grub areas to receive seed to 6 inches below finish 
grade. 

3.1.2 Remove visible rocks, clods and debris 3 inches or larger in any 
dimension. 

3.2 INSTALLATION 

3.2.1 Seed 

3.2.1.1 Before seeding; apply fertilizer to topsoil at rate of 5 to 
6 pounds per 1000 square feet. 

3.2.1.2 Before seeding, moisten soil surface with fine spray so not to 
disturb topsoil. 
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• 3.2.1.3 Time and mix 
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a. September through November: Mix seed at ratio of 2 parts 
Siberian to 1 part Thickspike wheatgrass. 

b. January through March: Use 100 percent cereal rye, then 
reseed in fall, as specified in subparagraph a. above. 

c. Seed may be applied at other times if permitted, in writing, 
by KEH. 

3.2.1.4 Drill-in seed to depth of 1/2 to 1 inch and rate of 15 lbs/acre in 
area backfilled with topsoil. 

3.2.1.5 Water seeded areas with fine spray, to 4 inch depth. 

3.2.2 Mulch: Apply by hand or blower at rate of 4000 lbs/acre. Anchor 
in place by crimping or rolling with straw roller . 

3.2.3 Fertilizer: Apply at same rate as initial application to seeded 
area 3 to 4 weeks after seeding. 

ENO OF SECTION 
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CLAY LINERS (ADMIXTURES) IN SEMIARID ENVIRONMENTS 

The following paragraphs discuss the use of admixing clays to local soils 
to create low-permeability components for covers in semiarid environments such 
as that at the Hanford Site. Pure clay liners are not considered feasible for 
use in semiarid environments. However, with proper design, materials handling, 
construction, and quality control, a functional low-permeability liner 
consisting of local soils admixed with clay can be used in covers at the Hanford 
Site. A quick overview of clay liner failure mechanisms and documentation 
supporting clay liner use at the Hanford Site are discussed. 

The following list of clay liner failure mechanisms has been thoroughly 
discussed (EPA 1986): 

• Desiccation cracking 
• Penetration 
• Slope instability 
• Settlement 
• Erosion 
• Freeze/ thaw cycling 
• Piping 
• Design construction errors. 

Of particular concern at the Hanford Site is desiccation cracking, a 
characteristic of clay-rich soils caused by volume changes in the clay 
structure . Volume changes occur because of stresses imparted to the soil as 
a result of wet/ dry cycling. This occurs when soils are exposed to the 
atmosphere. In the case of the grout vaults, an additional component affecting 
the wet/ dry cycling potential of the clay liner is the thermal energy conducted 
through the soil because of grout heat of hydration and radioisotope decay 
heat. As soil pore water evaporates, a negative pore water pressure develops 
in the soil , causing a reduction in soil volume. The pore pressure acts in all 
directions , causing soil shrinkage and cracks. When the soil is rewetted, the 
clay swells and the cracks are sealed. Failure occurs if foreign material 
such as sand is washed or blown into the cracks. The cracks can propagate 
deeper upon continuation of wet/ dry cycling, providing preferent)al drainage 
paths for water. 

Slope instability can occur when a liner is constructed on a sloped 
surface. Of particular concern in cover applications are clays placed over a 
synthetic membrane . The clay may slide over the smooth membrane surface . 
Failure also can occur in soils because of insufficient shear strength . 

A small settlement , in general , is not a problem when it is uniform 
throughout the site. However , differential settlement can lead to cracks and 
cause pathways for water flow. 

llC - 1 
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1 Piping failure is another important concern for clay liners. Piping is 
2 a form of soil erosion that occurs underground. Piping occurs when fine-
3 grained soils (clays) contain particles that are bound together. When water 
4 percolates through the clay liner, it can detach some of these bound particle s, 
5 thereby transporting them to coarser underlying soils. With time, progres -
6 sively larger particles are removed, causing an underground flow channel or 
7 pipe . The pipe would start at the underside df the clay liner and move 
8 progressively upward opposite the direction of flow. Clay liners underlain 
9 by soils containing less than 15% clay may be susceptible to piping. For 

10 piping to occur, the hydraulic gradient at the base of the clay liner must be 
11 greater than the interparticle bonding forces. 
12 
13 Penetration failure occurs when plant roots, animals, or humans are able 
14 to reach and disrupt the clay liner. Other potential penetrations are seal 
15 failures around manholes and LDCRS pipes. 
16 
17 Erosion failure occurs when raindrops detach soil particles, wh i ch are then 
18 transported uniformly downslope (sheet erosion) . Another type (rill eros i on ) 
19 occurs when channels are developed by concentrated flow, often caused by the 
20 slumping of undercut slopes. 
21 
22 Freeze/thaw cycling can cause the formation of ice lenses at the f rost 
23 line . Cold atmospheric temperatures cause soil moisture to migrate upward 
24 ·where freezing occurs at the frost line. For soils with only pore (interlaye r ) 
25 water present during the freezing cycle, this is not a major problem . Very 
26 little, if any, soil heaving is expected from this scenario. However , i f water 
27 is added to the soil system before freezing occurs, considerable ice lense s 
28 could form at the frost line, thus heaving the overlying soil and causing 
29 vertical cracks within the soil matrix. 
30 
31 The following construction errors have led to clay liner failures i n pa st 
32 surface impoundment facilities (EPA 1986). 
33 
34 • Desiccation of the clay liner between completion of construction and 
35 commencement of operations allows the clay to crack. 
36 
37 • A nonuniform moisture distribution in the soil results in clods with 
38 wet surfaces and dry, cracked interiors. This is caused by 
39 inadequate breakup of large clods before compaction, uneven water 
40 distribution by water trucks, and inadequate time for water to 
41 penetrate the soil. 
42 
43 • High permeabilities result from inadequate control of moisture , 
44 density, and compactive effort. 
45 
46 • Improper screening of incoming liner material can result in small 
47 roots, rocks , l enses, and other heterogenei t ies in the clay line r 
48 that can increase permeab1lity. 
49 
50 
51 Of the abovestated failure mechanisms, desiccation cracking seems to be 
52 of the most concern. The following discussion indicates how all the clay liner 
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failure mechanisms are addressed by proper design, materials handling , 
construction , and quality control with special emphasis placed on desiccation 
cracking. Failure caused by cracking of clay liners in covers is controlled by 
implementation of the following factors: 

• Optimizing the clay-to-native-soil ratio 

• Constructing the clay liner to such a depth that the relative humidity 
of the soil remains greater than 54% 

• Burying the clay liner below the frost line 

• Preventing overlying materials from entering cracks. 

Reduction of potential desiccation cracks in the grout liner is provided 
by optimizing the clay -to-sandy-silt ratio, thereby reducing shrinkage strains 
caused by thermal heat that is radiated from the grout vaults . Sodium 
bentonite , a montmorillonite clay, will be admixed with McGee Ranch site soils 
(sandy silt) at approximately 10 wt%. Several clay -to-sandy-silt soil mixtures 
were tested for permeability and shrinkage data using McGee Ranch soils and 
bentonite clay (see Appendix 41, pp. APP 41-73). These tests were performed 
based on the results of previous work described by Kleppe and Olson (1985) as 
described in the following paragraphs. 

Optimizing the clay -to -sandy -silt ratio was based on data that ind i cated 
that desiccation cracks resulted from clay shrinkage strains (Kleppe and Ol son 
1985). Therefore, a shrinkage-resistant clay liner system can be designed by 
providing a large percentage of sand in the liner matrix , forming a framework 
of rigid particles. Only enough clay is admixed such that , upon wetting , the 
clay effectively plugs up the void spaces between sand particles , providing a 
low-permeability mix. 

A number of shrinkage, cracking , and permeability tests were perfo rmed 
on a range of clay and sand mixes including Wyoming bentonite and Lo s Alamo s 
silty sand . The data indicate that compactive effort , compaction water 
content, and percent of silty sand influence soil matrix shrinkage potential 
(Kleppe and Olson 1985) . 

Less than 1% shrinkage strain was found for the 12% bentonite/ 88% s ilty 
sand mix , which was compacted at less than 20% water content with complementary 
permeabilities less than 1 x 10 -7 cm/s . In fact, Los Alamos s ilty sand mi xed 
with 25% Wyoming bentonite produced a low-shrinkage strain of les s than 3%. 
The laboratory test s conducted on the McGee Ranch soils and bentonite cl ay 
showed that the diametral shrinkage cracks for 10% clay sample s were less 
than 1% . Permeability tests were performed on 10% Bentonite/ 90% McGee Ran ch 
soil samples de s iccated before testing that showed rehydration of t he sampl e 
and achievement of required permeability values (see Appendi x 41 , 
pp . APP 41 -73). These t est s were run because the bentonite i s expected to 
dehydrate in the grout vaul t cover because of the grout heat of hydration and 
radioi sotope decay heat . In mo st cover designs only the effect s of atmo spheri c
caused wet/ dry cyc ling are encountered. This phenomenon i s al so accounted for 
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in the grout design by placing the clay liner layer at least 3 1/2-ft below 
grade. 

When small cracks form, because of the approximately 1% anticipated 
shrinkage of the clay, failure would be dependant on the cracks filling with 
foreign materials before reswelling . The cover design calls for the use of 
geotextiles and properly graded filter materials to prevent the migration of 
overlain materials. This alone will help reduce the availability of soils to 
fill cracks. 

Slope stability analysis has been performed that provides for appropriate 
slope validation as described in Appendix llA. The controlling factor for 
most liners using geomembranes is the relatively shallow friction angles between 
the geomembrane and the overlain clay soil. 

Differential settlement is not anticipated to be a problem for the grout 
vault cover because the waste form is stable. A detailed analysis of settlement 
is provided in Appendix llA. 

Surface erosion of the clay liner may be a problem if much precipitation 
occurs during construction. However, subsurface erosion of a buried clay 
liner (piping) must be considered. The topsoil of the cover is designed to 
recycle water to the atmosphere, thus preventing most of the water from 
reaching the clay liner. A sand drainage layer is provided directly above the 
clay liner to remove any water that does permeate the topsoil . The HELP model 
has indicated that evapotranspiration accounts for approximately 94% of annual 
precipitation. Only a very small percentage of precipitation is ever expected 
to contact the clay liner, which effectively controls erosion potential . 

Penetration of the clay liner by plants, animals, and humans will for the 
most part, be prevented by the depth of the liner . Plants, specifically, will 
not want to penetrate past the topsoil layer, because the sand drainage layer 
will be at a much lower water potential most of the time. The 60-mil HOPE 
geomembrane that is located directly on top of the clay liner will also act 
as a deterrent to further growth of plant roots and animal intrusion of the clay 
liner layer. Data indicate that buried 40-mil polyethylene liners were not 
penetrated by rats, even when they were faced with starvation (Mitchell 1984) . 
Most of the burrowing animals that l i ve on the Hanford Site live in the top 
4 ft of soil. Cobble on the embankment slopes will reduce the potential for 
animals to burrow dens laterally into the cover embankment. 

Of perhaps the most importance regarding successful clay liner performance 
are the materials handling, construction methods, and construction quality 
control measures applied to the project. Continuous daily inspections of the 
liner installation project are mandatory to identify and document problems and 
successes and to provide a mechanism to obtain corrective action to problem 
areas. Bad weather conditions should be avoided during construction. 
Precipitation events can flood or erode the construction site . Hot dry weathe r 
could desiccate the liner, if it is left unprotected. Frozen soils prevent 
adequate compaction. Depending on climatic conditions, the clays may need to 
be protected from moisture loss and erosion while stockpiled before 
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construction. A plastic cover may need to be placed over the clay liner during 
inactive periods to prevent drying of the liner during construction. 

Proper screening of materials used in liner construction to remove roots, 
rocks, and miscellaneous debris is imperative. Also, proper control of 
moisture content, density, and compactive effort during construction will help 
ensure successful liner installation. These are standard construction 
practices. Reduction of clods in the clay/native-soil mixture is important 
to provide a homogeneous mixture of water in the liner materials. 

The two design features discussed above are the proper clay/native-so il 
composition and the depth of burial. These coupled design features prov ide 
for a low-shrinkage, low-permeability, stable clay liner installation. When 
coupled with proper construction/installation techniques, the clay liner will 
function over the proposed lifetime of the cover. 
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Department of Energy 
Ric!iland Operations Office 

Mr. Gary 01 Ne;1, Director 
Afr and Toxics Division 
Environmental Protection Agency 
Region 10 
1200 6th Avenue 
Seattle, Washington 98101 

Dear Hr. O'Neil: 

P.O. Boll 550 
Ricr.·Jnd, Wa~ ington 99352 

NOV 1-l 1986 

REQUEST FOR APPROVAL--GROUT FACILITY 

DOE/ RL 88-27 
Rev. 1, 01 / 17/ 90 

As discussed in the telephone conversation with you on November 14. 1986, we 
are enclosing a copy of the complete package relating to request for approval 
to construct the Grout Facility on the Hanford Site. This package was 
originally forwarded to Environmental Protection Agency (EPA) Headquarters by 
U.S. Department of Energy Headquarters (DOE-HQ) on August 22, 1986. Thfs wa$ 
followed by a second identical package on October 31, 1986. 

Also enclosed is a copy of the offsite dose calculation using the AIRDOS.-EPA 
model for comparison with the doses calculated with the Hanford models. This 
was not included in the original package. 

As we discussed, 1f you are not the appropriate person to receive the 
information, to grant approval in accordance with 40 CFR 61 to construct the 
Grout Facility, we would appreciate information as to the proper approval 
authority. The delay has already impacted the start of construction. 

If we can be of further assistance in this matter, 1n the event you need 
additional information, please contact Mr. Erik Erichsen, of iny staff 0 on fTS 
444-8007 or {509) 376-8007. 

ES&H:EAE 

Enclosure cc w/o encl.: EH~20 

Sincerely, 

0:-,i.~•~·"' c-·~ .. ,~o BY 
hllo.Ja-al~ '°'" .. "'-

Ronald E. Gerton, Director 
Environment, Safety, and Health 

Division 
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EPA CONSTRUCTION APPROVAL INFORMATION (40 CFR 61) 

• 
The proposed action is construction and operation of the Transportable 

Grout Facility (T6F) to be used for the immobilization of liquid low-level 
radioactive wastes in ce•ent-based grout for near-surface disposal. This 
action is in co11pl11nce with the U.S. Department of Energy (DOE) Order 5820.2, 
Radioactive Waste Management requirement that liquid low-level wastes be 
solidified prior to shallow-land burial or greater confineaent disposal. 
Facilities will also be designed to comply with the require• ents of the 
Resource Conservation and Recovery Act (RCRA) for disposal of wastes containing 
hazardous chemical constituents. The proposed action would dispose of the 
waste tn a manner that would ensure isolation of the waste fro11 man and the 
biosphere without the need for long-tenn 111intenance. 

The waste streams proposed for grouting tn the T6F include phosphate/ 
sulfate Hanford facilities waste (HFW) and other tank wastes. The 
environmental i11pacts associated with the grout disposal of HFW are being 
evaluated in an Environmental Assessment currently being prepared. The 
environmental impacts associated with grout disposal of other tank wastes (as 
well as the impacts associated with disposal of other wastes) are evaluated tn 
the Draft Environmental I• act Statement--Dis osal of Hanford Ht h-Level, 
Transuranic, and ank Waste dra t W- • 

11!.!. 
The processing facilittes within the T6F will cover an area less than 1 ha 

inside the Hanford Site 200 East Area. The near-surface disposal site will 
have a total area of approxi•ately 73 ha and contain approxi• ately 75 disposal 
vaults. Each vault ts expected to have• rectangular cross-section and have 
tns1de di• ensions that are approxiaately 125 ft long, 50 ft wide, and 34 ft 
deep (38 • X 15 • X 9 •). The top of the disposal vault is expected to be 
1pproxi111tely 5 • below grade. 

Design 

The T6F consists of two component facilities: the Transportable Grout 
Equipment (T6E) and the Near-Surface Disposal Stte (NSDS). 

The TGE contains six •odules: the Dry Blend Transfer and lag Storage 
Module, the Grout Mixer/Pu• p and Liquid Collection Module, the Additives 
Module, the Decontamination Solution Module, the Exhauster Module, and the 
Control Room Module. The Dry Blend Transfer and Lag Storage Module w111 
receive the dry blended materials from an existing dry blend handling facility. 
The dry materials will be weighed via a wetghbelt feeder and fed into the Grout 
Mixer/Pump and Liquid Collection Module. There, a continuous tn-line • txer 
wtll be used to mtx the dry blended materials with the low-level ltquid waste 
feed. The resultant grout will be discharged from the mixer 1nto a surge tank 
which w111 feed a progressive cavity pump. The grout pump will transfer the • 
grout via an encased pipeline to the Near-Surface Disposal Site. 
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The Near-Surface Disposal Site will be coaprised of the grout disposal 
vaults and associated support equipment and instrument1tion. The grout vaults 
will be engineered structures with reinforced concrete walls, roof, and floor. 
Each vault will be equipped with grout level indicators, temperature 
indicators, and liquid removal equipment. Each vault will also include I liner 
and leachate collection system. The top of the vault will be approxiaately 
16 ft (5 a) below grade. The concrete roof of the vault will be covered with a 
soil backfill to provide sh1eld1ng protection during the vault fill operations. 
Grout will be placed in the vault through an encased pipeline which enters 
through the roof. 

Operating Design Capacity 

Dry aaterials used in grout formulation w111 be produced at a rate of 6.8 
to 14.0 t/h. The TGE will mix grout at a rate of approxi• ately 30-70 gallons 
per ainute (7-16 al/hour). A nominal campaign is expected to process one 
million ~•llons (3800 al) of liquid waste feed, produce 1.3 •illion gallons 
(5,000 ml) of grout, and f111 one disposal vault. A nominal campaign duration 
is expected to be 36 days at SOS efficiency, excluding feed preparation and 
staging requirements. The expected operational mode will be 24 hours per day, 
7 days per week. The TGE design life is lO~ears. It is anticipated that 
approximately 75 million gallons (280,000 al) of low-level waste could be 
processed through the TGF, producing approximately 105 ail11on gallons 
(400,000 al) of grout slurry, and filling approxi111tely 75 disposal vaults. 

Method of Operation of the Source 

The disposal process will involve • ixing low-level radioactive wastes with 
a blend of nonradioactive dry materials (Portland ce•ent, flyash, clays, and 
liae) and pu• ping the resulting grout slurry to preconstructed concrete vaults. 
Any liquids, such 1s flush water, will be used for water of hydration of the 
grout aonolith or recycled. 

The grout slurry will cure and solidify to fora I grout aonolith and 
im• obilize the wastes within the grout aatrix. After the grout monolith has 
hardened, the vault will be filled with nonradioactive grout to seal the 
radioactive •onoltth and to provide subsidence control. The vault excavation 
area w111 then be covered with soil backfill to grade level. Some of the 
disposal vaults • ay be covered with an additional protective barrier to inh1bit 
water infiltration or plant, animal, and human 1ntrusion 1nto the waste zone. 

Description of Equipment to be Used for Control of Emissions 

The TGE will be equipped with a filter system to clean incoming air and an 
exhauster system which will filter and monitor air being discharged for 
radionuclides. The exhauster w111 consist of two parallel redundant filter 
systems. Each filter system will have two high efficiency particulate a1r 
(HEPA) filter banks in series w1th a fan, prefilter, demister, and heater. 
The HEPA filters remove any particles greater than 0.3 microns diameter with 
a 99.97S efficiency. Instrumentation to monitor differential pressure across 
the filters, air flow, air temperature, etc., will be provided to monitor 
system operation. In the event one leg of the exhaust system fails, the 
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redUftdant ltg auto• atically activates. The exhauster legs w111 be discharged 
through a co•• on stack. The suet w111 be provided with a stack sa• pler 
which will aonitor and record the level of r.adioactive t • iss1ons. The • 
underground grout disposal vaults will also be equipped with an air sampler 
and HEPA filter to handle the displaced air which will be filtered and 

. • onitored for radioactive e• issions. Process operations, including 
rad1o1ogical instru•entation, w111 be monitored from the control roo• and 
also aonitored and recorded at a central site computer surveillance system. 

Expected Radionuclide E• issions 

The grout facilities will e• it • inor a11ounts of airborne radionuclides, 
including 90sr and 137cs. 

Dose C011111itment 

Dose commitments to the general population and to the maximally exposed 
1nd1vidual for evaporation and grouting of existing and future tank wastes were 
calculated for the draft HOW-EIS (Appendix D, Page D.11). Dose commitments are 
calculated according to the methodology presented tn Appendix F of the draft 
HOW-EIS. This methodology uses site-specific meteorological data gathered at 
Hanford over past decades. The dose com• it•ents presented in the draft HOW-EIS 
are expected to be the • aximum potential dose commitments as a result of any 
grouting operations and are, therefore, bounding for all lower activity waste 
streams. The doses are presented for exposure periods of one year and seventy 
years. 

The bounding potential one-year whole-body dose commitment to the 
11axi• ally exposed individual fro• air submersion, inhalation, and terrestrial 
pathways is 3 X 10-8 re•• This can be compared to the currently applicable 
li• it of 2.5 X 10-2 re• for one-year whole-body dose equivalent to the 
111xi•ally exposed individual fro• airborne sources. 

The bounding potential one-year population whole-body dose co•• itment from 
air sub• ersion, inhalation and terre$trta1 pathways ts 2 X 10-3 • an-rem. This 
is approxi 111tely three orders of • agnttude below the al ready low exposure from 
1985 operations at the Hanford Site (Price, 1986). The bounding potential 
70-yearJ)opulatton whole-body dose co•• it•ent from the s111e pathways ts 
1 x 10-z 111n-re11. 

Methodology for Evaluating Dose C011111tllent 

The models and co• puter codes used to estimate the radiological impacts 
are identical to those used for the draft HOV-EIS. Table 1 lists the codes 
used to estimate contaminant transport 1n air and water and the associated 
radiation dose codes used to estimate the radiological impacts. The dose 
models used are derived from the • odel originally given by the International 
Council on Radiation Protection (ICRP, 1959) for body burden and 11aximum 
permissible concentration. Effective decay energies for radionuclides are 
calculated using the ICRP model. Metabolic parameters for the Standard Man are 
used {ICRP, 1975). Some of the parameters are updated from later ICRP 
pub11cat1ons. 
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The internal distr1bution of r1dionuclides following inhalation 1dds soae 
co• plexity due to retention in the lungs. The • Odel of the respiratory tr•ct 
adopted by the Task 6roup on Lung Dyn1• 1cs (ICRP, 1966) forms the general basis 
for the • athe• atical •odels developed to calculate the dose from inhalation of 
r1dionuclides. 

Rad1ological doses fro• routine oper1t1ons were calculated using the 
co• puter codes SUBOOSA, DACRIN, ind PABLM, which cover the various pathways of 
radionuc11des to hu•1ns. The results are then summarized and reported in terms 
of dose to the aax1•1lly exposed 1ndiv1dual. 

Progru 

SUBDOSA 

OACRIN 

PABLM 

Table 1. C011puter Codes Used to ·Esti111te Contaminant Transport 
Rates and Potential Radiation Doses From Release 
During Disposal of Wastes 1n Grout. 

Calculat1onal Objective 

One-ye1r air submersion dose from acute 
(finite cloud) or chronic (semi-infinitive 
cloud) releases, ind1v1dual and collective 
doses. 

Individual and collective inhalation doses 
froa chronic or acute releases, one-year 
doses, dose conaitllents 1nd accumulated 
doses. 

Individual and collective doses from 
contuinated far11 products, froa either 
air deposition or irradi1tion, one-year 
dose, dose c0111it•ent, and accu•ulated dose. 
Individual 1nd collective doses froa 
contu1nated water and aquatic foods and 
aquatic recreation, one-year dose, dose 
co.it•ent, and ICCUIIUllted dose. 

Reference 

Strenge, et.al. 
1975 

Houston, et.al. 
(1974); Strenge 
(1975) 

Napier, et.al. 
(1980) 

Schedule 

Construction of the Transportable Grout Equipment and the Near-Surface 
Disposal Site are planned to begin tn the Fall of 1986. Initiation of grout 
disposal of phosphate/sulfate HFW is scheduled for fiscal year (FY) 1988. 
Grout disposal of other tank wastes is planned to begin 1n FY 1990 or as the 
HOW-EIS record-of-decision allows • 
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COMPARISON OF ENVIRONMENTAL DOSE CALCULATIONS 

FOR HANFORD TRANSPORTABLE GROUT FACILITY USING 
AIROOS-EPA AND HANFORD SITE-SPECIFIC COMPUTER CODES 
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A comparison of the calculated doses projected for the Hanford Transportable 
Grout Facility has been made w1th AIROOS-EPA and the Hanford suite of codes. 
The results are presented 1n Table 1 for the at110spheric dispersion calculations 
and 1n Table 2 for the projected radiation doses to total body. 

The dispersion calculations were made with identical data sets of joint 
frequency of wind speed, wind direction, and stability class. The AIROOS-EPA 
code does not consider data on actual location of people 1n calculating the 
•maximum individual• (MI) air concentration, and so assuaes the MI to be on 
s1te. When this is corrected, the predicted values for z/Q' for AIRDOS-EPA 
is very close to that calculated using the Hanford codes. The population 
result is only slightly higher. 

The source tenn for the dose calculations 1s attached. Th1s 1s the suae source 
tenn used for the EPA Construction Approval Information subll1tta1. The doses 
for The Transportable Grout Fac111ty releases are dominated by tritium. The 
specif1c-act1vfty models used in AIROOS-EPA and the Hanford codes are sfgnffi
cantly different. However, minor adjustments may be made. The AIROOS-EPA 
equflibrium factor for tritium has been adjusted to ICRP Publication 30 dosi
metry, and the Hanford diet adjusted for in the population calculation. Thus, 
the projected individual dose varies by less than a factor of two, and the 
population dose by about a factor of two. For 110deling purposes, these are 
excellent comparisons. 
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TABLE 1. COlll)ar1son of Cilcul1ted Hanford 200 Area Dispersion 
Paraaeten, Using AIRDOS-EPA and Hanford Codes 

z\Q' for the 
Max1 ... IndividuaJ 
at Ringold (sec/•} 

50-!11e Population Weig~ted 
z\Q' (person• sec/•) • 

AI ROOS-EPA 

Hanford Codes 

2.0 X 10-8• 

1.8 X 10-8 

3.5 X 10-3 

2.3 X 10-3 

*AIROOS-EPA incorrectly predicts the Maximum Individual to reside in the Hanford 
200E Area. All results have been corrected to the actual Ringold location. 

TABLE 2. Comparison of Calculated Total-Body Radiat1on Doses 
for Releases from Transportable Grout Facility Using 
AIROOS-EPA and Hanford Codes 

AI ROOS-EPA 

Hanford Codes 

Maximum Individual 
at Ringold (rem} 

3.3 X 10-8 

3.1 X 10-8 
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TRANSPORTABLE &ROUT FACILITY 
RADIONUCLIDE EMISSION SOURCE TERM 

Inventory 
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Rad1onuc11de 1n Cur1esLDai* 

lH 3.8 X 10-2 
14c 1.0 X 10-14 
90sr 2.0 X 10-l0 
93zr 1.0 X 10-14 
95zr 4.0 X 10-16 
99tc 9.0 X 10-14 
106Ru 2.0 X 10-l0 
1291 2.0 X 10·16 
137cs 5.0 X 10-ll 
151s.n 2.0 X 10-12 
239pu 2.0 X 10-15 
241A11 2.0 X 10-13 

Froa: •Hanford Defense lfaste Disposal Alternatives: Eng1neer1ng Support 
Dau for the Hanford Defense Waste - -Env1ron• enta1 I• pact State• ent.• 
RHO-RE-ST-30 P, Rockwell Hanfor,t Operations (Decellber 1985) 

*230 operating days per year 
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GROUT TREATMENT FACILITY APPROVAL OF CONSTRUCTION 

APP 13B-i 



1 This page intentionally left blank . 

APP 138-ii 

DOE/ RL 88 -27 
Rev . 1 , 01 / 17/ 90 

• 

• 



• 

• 

D0E/ RL 88-27 
Rev . 1, 01 / 17/ 90 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
REGION 10 

1200 SIXTH AVENUE 
SEATTLE. WASHINGTON 98101 

November 28. 1986 

M/S 532 

Mfchae1 J. Lawrence 
Manager, Hanford Operations Office 
U.S. Departaent of Energy 
P .o. Box 550 
Richland, WA 99352 

Dear Mr. Lawrence: 

This is in response to a submission pursuant to The Natfona1 Emssion 
Standards for Hazardous A1r Po11utants dated August 22, 1986 by Assistant 
Acn1n1strator Crafg Potter. It concerns the Transportable Grout Fac111ty ij t 
the Hanford Site, Richland, Washington. 

Vftll t1le 1dd1tfona1 data subllftted '1 Ronald &ertoft to 6u,- O'IINl on , 
lo~r 14, 1986, we are able to approve the construction of the 
Transportable Grout Fac111ty 1n accordance with Title 40 Code of Federal 
Regulations Part 61.07. 

cc: Al Col11, ANR 460 
I 

Slneerely, 

ll~ .. 1...o·M 
R:;;;'i. Russe11 
Regiona1 Administrator 
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APPENDIX 13C 

GROUT TREATMENT FACILITY CULTURAL 
RESOURCES REVIEW 
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September 1, 1988 

Mr. Lee Bostic 
Waste Management 
Westinghouse Hanford Company 
P.O. Box 1970 (R1-48) 
Richland, Washington 99352 

Dear Mr. Bostic: 

DOE/RL 88-27 
Rev. 1, 01/17/90 

()Baneue 
Pacif ic N o rth v.. est Labo rato ri es 
P.O . Bo• 999 
Richland , Wash ing ton L .S.A 99352 
Te lephone (509 1 

Tele x 15-287~ 

CULTURAL RESOURCES SURVEY OF THE NEAR SURFACE DISPOSAL 
SITE [GROUTED WASTE DISPOSAL FACILITY] HCRC #87-200-002 

At the request of Karen McGinnis of the DOE Waste Management Division, 
PNL's Hanford Cultural Resources Laboratory (HCRL) conducted a cultural 
resources review of the Near Surface Disposal Site (NSDS) on March 26, 
1987. Results of that review were reported in letters to you and T. B. Bergman 
dated May 12 and December 2, 1987, respectively, and in a letter report to 
K. V. Clarke of DOE-RL dated August 11, 1987. This letter is intended to clarify 
our findings and recommendations. 

The cultural resources review consisted of two phases. The first was a literature 
and records search to determine if any previous archaeological surveys had 
been conducted and if any significant cultural properties were already known to 
exist in the area. The second phase was an on-foot inspection of the entire 
73-ha NSDS. No cultural properties were discovered. This is consistent with 
other surveys in the 200 areas. There is, however, the potential that large 
mammal fossils might be found in the glacial flood gravels that underfie the site , 
and the possibility that information useful to paleoclimatic studies, being 
conducted for the HOW program, might be obtained there. 

I therefore recommend that: 

1. Construction personnel must be cautioned to watch for bones while 
excavating in the area. H any bones are observed, excavation activities in 
the vicinity of the find must cease until a cultural resource specialist has 
had the opportunity to inspect the find, determine its significance, and 
recommend action to be taken if it is significant. 

2. A cultural resource specialist should make periodic inspections of the site 
during excavation to watch for potential sources of paleontological data 
that are not Ukety to be recognized by construction personnel. 
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3. Serious consideration should be given to collecting samples from the fine 
sediment exposed in the construction pit. These samples should be 
analyzed for their potential to contribute information about past 
environmental conditions in the 200 area. This action would have no 
effect on construction activities. 

If these recommendations are followed, there will be no effect on cultural 
resource values of the NSDS, and a considerable amount of information of 
value to ongoing waste management programs might be obtained. 

v7~ 
James C. Chatters, Ph.D . 
-.>enior Research Scientist. 

JCC:Jfs 

cc. K.V. Clar1<e, DOE-RL 
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